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ESTIMATES OF THE MOON'S GEOMETRY USING 
LUNAR ORBITER IMAGERY AND APOLLO 
LASER ALTIMETER DATA 
By Ruben L. Jones 
Langley Research Center 
SUMMARY 
Selenographic coordinates for  about 6000 lunar points identified on the Lunar Orbiter 
photographs are tabulated and have been combined with those lunar radii derived from the 
Apollo 15 laser altimeter data. These coordinates were used to derive that triaxial ellip- 
soid which best fits the Moon's irregular surface. 
A total of 12 different estimates of the lunar geometry were obtained by using these 
data. Six cases used both sources of data whereas the remaining six cases used the data 
from the Lunar Orbiter imagery only. When the displacement of the ellipsoidal center in 
the direction of the Earth was assumed to be zero, those cases using the Lunar Orbiter 
imagery compared favorably with the corresponding cases using all the data. 
cases using all the data were most consistent. For these cases, restrictions on the axial 
orientation of the ellipsoid changed the results only slightly. 
The six 
For the unconstrained ellipsoid, the axial magnitude in the direction of the Earth a 
was  found to be about 1737.6 km whereas the value for  the spin axis c was 1735.0 km and 
the value for b was 1735.6 km which correspond to  a mean radius of 1736.1 km. These 
axes were nearly parallel to the Moon's principal axes of inertia and the origin was dis- 
placed from the Moon's center of gravity about 2.0 km in a direction away from the Earth 
and to the south of the lunar equator. 
IN TRODUC TION 
A precise estimate of the Moon's geometry has been a major objective of many sci- I 
entists. These investigations have, however, been limited by an inadequate distribution of 
observations over the whole surface of the Moon. Further, confinement to the Earth 's  
environment has  limited the precision of these measurements. The current study is an 
effort to overcome many of these objections by combining two unique sources of data: 
Lunar Orbiter imagery and the Apollo laser altimeter measurements. 
the 
The Lunar Orbiter imagery and the Apollo laser altimeter represent two independent 
sources of data. Upon examination, however , the horizontal and the vertical uncertainties 
associated with each a r e  about the same order of magnitude. Further, the Apollo data are 
not limited to the Moon's f ront  side as the Lunar Orbiter data are. Hence, these two 
sources of data can be combined to eliminate the ill-conditioning along the Earth-Moon 
line which is associated with those solutions based on only front-side data. 
nates are used to compute the dimensions, the orientation, and the displacement of that 












mutually orthogonal semiaxes of the triaxial ellipsoid 
vector difference between two spacecraft radial vectors 
functional relations for  conditions of mutually orthogonal axes 
functional relation between selenographic coordinates of point and axial magni- 
tudes, axial direction cosines, and displacement of center of triaxial ellipsoid 
upper limits on summations 
total number of points within given region on Moon's surface 
particular lunar point 
spacecraft radius vectors 
selenographic radius to a point on the Moon's surface 
functional relation representing weight to be assigned to coordinates of point 
number representing confidence in estimated selenographic coordinates of 
lunar point 
axes of selenographic coordinate system 
axes of ellipsoidal coordinate system 
selenographic coordinates of point on Moon's surface 
x',y',z' ellipsoidal coordinates of point on Moon's surface 
Ax,Ay,Az components of displacement of ellipsoidal center relative to Moon's center 
of gravity (c.g.) 
E random uncertainty or  residual in functional relation 
1 
l x  selenographic longitude 
P 
U standard deviation of mean 
<p selenographic latitude 








axes of ellipsoid 
dummy indices denoting functional relation being considered 
point number 
region containing point 
maxi mum 
.. unit vector 
vector 
DESCRIPTION OF DATA 
The purpose of this paper is to find that triaxial ellipsoid which will best  f i t  the . 
Moon's i r regular  shape. To achieve this objective, coordinates for about 6000 positions 
on the Moon were used in  the 
photographs and Apollo laser  
analysis. These points were taken from both Lunar Orbiter 
altimeter data. For the Lunar Orbiter photographs, data 
3 
points were located between *60° in both latitude and longitude and were concentrated 
within the various Lunar Orbiter sites. The approximate positions of these sites are indi- 
cated by the shaded a reas  in figure 1, and coordinates for those points in  each s i te  are 
given in the appendix. When two or more sites were sufficiently close, only one block 
(shaded area) was constructed to represent these neighboring sites. For  the laser  altim- 
eter, positions were confined to those points along the trace of the Apollo orbit on the 
Moon's surface (see fig. 1). The inclination of this orbit is about 2 5 O .  
The Lunar Orbiter and Apollo data are similar, However, points from these two 
sources are determined differently. Hence, the reduction technique and the associated 
e r r o r  for each source is discussed briefly. 
Lunar Orbiter Imagery 
Each Lunar Orbiter site was composed of a series of overlapping photographs 
(sequences) which were exposed during one orbital pass. The number of photographs, as 
well as the percentage of overlap (from about 50 percent to about 80 percent), varied with 
each site as well as each mission. When the percentage of overlap was large, a point was 
observed in several photographs. In some instances, a point was identified about nine 
times within a particular sequence of photography. Further, the identity of a point was 
preserved when two or more sequences of photographs overlapped. (See refs. 1 and 2.) 
Hence, there is a duplication of points in the appendix. 
The analytical stereophotographic technique used to compute the selenographic 
coordinates from the Lunar Orbiter imagery is discussed in references 1 and 2. This 
technique relies heavily on two basic assumptions: (1) The three components of the space- 
craft attitude (pitch, roll, and yaw) were assumed to remain fixed in  inertial space during 
each photographic sequence and (2) the spacecraft position is assumed to be known at each 
photographic exposure time. The first assumption is valid for two reasons. First, the 
spacecraft guidance system went into an inertial hold mode after being appropriately or i -  
ented for each photographic pass. Further, the attitude drift ra tes  for the spacecraft were 
very small. Hence, since the camera was fixed relative to the spacecraft, then the camera 
attitude angles (tilt, roll, and swing) are essentially fixed relative to the fixed stars. The 
second assumption, however, is more questionable. Although the science of orbital deter- 
mination has become quite sophisticated, e r r o r s  in position a r e  still present for a variety 
. of reasons. Even so, e r r o r s  in the spatial positions of the spacecraft can be minimized if 
care  is exercised in evaluating these parameters.  The spacecraft position a t  the time of 
. each photographic exposure along with the other photographic support data were carefully 
evaluated by the Boeing Company (refs. 3, 4, 5, and 6). These positions were determined 
from data a rc s  which were computed by using the orbital tracking data from three orbital 
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tracking stations. These techniques were similar to those used to determine similar 
information for the Apollo data. This source of e r r o r  is discussed more fully elsewhere 
in this paper. 
The importance of these assumptions to the stereophotographic technique is clearly 
seen in figure 2. In this figure the basic triangulation used to obtain the position of a 
particular feature P is shown. For  the purpose of explanation, it is expedient to discuss 
only one combination of photographs (stereopair) to which the lunar point is common. How- 
ever, it is to be remembered that a particular point is common to many different photo- 
graphs and many different points a r e  identified in a given sequence of photography. 
I , 
Lunar  
su r f ace  
Lunl r  c e n t e r  of g r , l v i ty  
Figure 2.- Basic t r i angu la t ion  f o r  one p a i r  of Lunar Orbi te r  photographs. 
The selenographic coordinates of a point can be determined by vector addition. In 
the figure, the numerals 1 and 2 represent two spacecraft positions where the lunar point 
P was photographed. Since the spacecraft radius vectors E1 and R2 a r e  assumed 
to be known, B1 2 is known. Further, since the vectors p1 and p 2  are projections 
of the image of P through the lens of the camera, these vectors can be computed from 
the observed f i lm coordinates of the image of P, from the calibrated camera focal length, 
and from the camera spatial attitude. 
- 
Now, this technique depends on knowing the camera spatial attitude. This attitude is 
estimated by perturbing the attitude about the nominal in such a way as to find that most 
probable attitude which will minimize the sum of the squares of the distances between all 
combinations of p vectors for each point, and summing over all the points. In this 
fashion the camera attitade is estimated for each orbital pass. Further, according to the 
first assumption, it was not allowed to change within a particular orbital pass. However, 
when two o r  more sequences of photographs were considered concurrently, a different 
attitude was obtained for each sequence. These attitudes were then used to compute the 
mean selenographic coordinates for each feature. For a detailed discussion of this tech- 
nique, see  references 1 and 2. 
The orbital uncertainties do not affect the estimated selenographic coordinates as 
much as might be expected. These uncertainties wil l  affect the estimate to the absolute 
positions of the points. The relative positions, however, will remain essentially unchanged. 
Now, this absolute uncertainty in the radius vector is predominantly in the horizontal direc- 
tion. Further, since the absolute uncertainty in the orbital position is about 1 km (refs. 3, 
4, 5 ,  and 6),  this uncertainty translates into a maximum 30 uncertainty of about k4.5 km 
at the Moon's surface. This is equivalent to about kOO.15 of arc. Although this uncertainty 
in position can affect the estimate of the Moon's geometric size and shape, its primary 
effect is limited to the orientation of that ellipsoid. The size and shape of the ellipsoid is 
affected primarily by the uncertainty in the selenographic radius. In references 1 and 2, 
this uncertainty was estimated to be about *200 meters. 
Apollo Laser  Altimeter Data 
The Apollo laser altimeter results are from one orbital pass. These points were 
obtained from table I in reference 7. These measurements were obtained by using a ruby 
laser altimeter. Range measurements were made about every 20 seconds and the resolu- 
tion of these measurements was about 1 m. Further, the spacecraft altitude ranged 
between 95 and 119 km. These measurements were obtained around the entire Moon and 
were confined to that region between +25O and -25O of latitude. 
As pointed out in reference 7, an accurate estimate of the spacecraft position with 
respect to the Moon's center of gravity was required at each measurement time. This 
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requirement is similar to the second assumption mentioned previously (the spacecraft 
position is assumed to be known at each Lunar Orbiter exposure time). Therefore, the 
horizontal uncertainty in each measurement should be about the same order of magnitude 
as4hat obtained by using the Lunar Orbiter imagery, that is, OO.2. 
An additional source of e r ro r  is encountered when the altimeter slant range is con- 
verted to altitudes above the lunar surface. This is usually accomplished by accounting 
for the deviations of the altimeter pointing angle from the spacecraft local vertical. In 
reference 7, these corrections were not applied to those data. This and the uncertainty 
in orbital position comprise the two primary sources of error for these data. 
The total effect of these e r r o r  sources on the laser  altimeter data is comparable to 
the corresponding e r r o r  in the Lunar Orbiter data. The estimated uncertainty associated 
with the selenographic position of the laser  altimeter points was OO.2 (ref. 7) in both lati- 
tude and longitude (the horizontal uncertainty) whereas the estimated uncertainty in the 
absolute radius of these points was about *400 m (the vertical uncertainty). According to 
reference 7 a comparison was made of these radii with' independently derived values for  
three small craters:  one in Mare Smythii; one in Mare Serenitatis; and one in Palus 
Putredinis. The altimeter-derived radii agreed with those values to within 100 m. Since 
the vertical uncertainty for the Lunar Orbiter imagery was estimated to be about *200 m, 
a similar comparison is anticipated for those data. 
The laser altimeter altitudes were determined relative to a mean sphere of 1738 km. 
Those heights determined for the Apollo 15 a r e  shown in figure 3 (taken from ref. 8). As 
can be seen, the elevations range from about -4 km on the Moon's front side to about +4 km 
on the Moon's back side. The actual tabulation of these heights is given in reference 7. 
These two sources of data (the Lunar Orbiter imagery and the Apollo laser altimeter) 
a r e  expected to provide a better fit in the solution to the ellipsoid. The horizontal uncer- 
tainties are  roughly the same. Also, the vertical uncertainties a r e  of the same order of 
magnitude, Therefore, the selenographic coordinates derived from both sources can be 
combined and can be treated as though they were one data source. Then, the combined 
sources of data will complement each other. The Apollo data were limited to the t race of 
the Apollo orbit on the Moon's surface. These data, however, were not limited to the 
Moon's front side. Hence, these data will help to control both the magnitude and the direc- 
tion of that semiaxis which is in the Earth-Moon direction. But the Apollo data alone a r e  
not adequate to determine the best fitting ellipsoid. That is, wider distribution of points 
is needed. The Lunar Orbiter data provide a wide distribution of points over much of the 
lunar front side. Thus, the two sources taken together do provide an adequate distribution 
of points over the Moon's surface, and the best  fitting ellipsoid can be derived. 
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Figure 3.- Apollo 15 l a s e r  a l t ime te r  p r o f i l e .  
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COMPUTATIONAL TECHNIQUE 
I I 1 
The data described in the preceding section were used to compute that triaxial ellip- 
soid which best f i ts  the Moon's irregular shape. The computational technique used to 
achieve this goal relied on the theory of least squares. Although the analytical method used 
is not unique to this paper, some discussion of both the method and the equations is given 
in functional form. Hence, the basic problem is discussed first. The method for  weighting 
the data as well as other computational difficulties is discussed later. 
Setting Up the Problem 
In studies of this type (refs. 9 and lo), the triaxial ellipsoid is usually represented 
mathematically by its quadric form. However, i n  the present study, an expanded form of 
the general equation for  a central ellipsoid w a s  used. Two coordinate systems are required 
to describe this approach. 
The first coordinate system is a selenographic coordinate system (ref. 11). This 
system is defined to be right handed and Moon fixed. Its origin is at the Moon's center 
of gravity, and the XY-plane is parallel to the Moon's equatorial plane. The Z-axis is 
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parallel to the Moon's spin axis and the X-axis is positive in the direction of the Earth 
and passes through the Moon's central bay (Sinus Medii). These axes are by definition 
the same as the Moon's principal axes of inertia. (See ref. 11.) 
A second coordinate system is the ellipsoidal coordinate system. This system, 
also, is right handed. The origin of this system is defined to be at the center of the ellip- 
soid. Further, the axes X', Y', and Z' a r e  defined to be both parallel to and coinci- 
dent with the ellipsoidal semiaxes a, b, and c; that is, X' is parallel to a, Y' is 
parallel to b, and Z' is parallel to c. Thus, within this system, the ellipsoidal axes 
a, b, and c are represented by their magnitudes. 
These two coordinate systems are the only ones used in this paper. The seleno- 
graphic ~ y ~ i e r r i  is tile uiie used tu i;;iuuiaie iiiuse cuurdiriaies ill the appendix aid is tile 
primary frame of reference for all computations. However, the ellipsoid is defined within 
the ellipsoidal system. 
Within this system, the general equation for a triaxial ellipsoid is 
In this expression xi ., Y;,~, and z! 
the jth region relative to the ellipsoidal coordinate system. 
nates of this same point a r e  simply X i , j ,  Y i , j ,  and Zi , j .  
a r e  the coordinates of the ith feature (a point) in ,J 1,j 
The selenographic coordi- 
Points on the Moon's surface a r e  given in selenographic coordinates. But, these 
coordinates a r e  related to the ellipsoidal coordinates through a coordinate transformation. 
Hence, the ellipsoidal coordinates xi ., yi,j, and zi,j a r e  simply functions of the direc- 
tion cosines of a, b, and c; of the selenographic coordinates of the ith point xi,j, 
and z ~ , ~ ;  and of the displacements of the ellipsoidal center Ax, Ay, and Az.  
manner equation (1) was expanded into a form similar to that of a general quadric. The 
expanded form of equation (1) is still represented by the function Gi,j. The least- 
squares method can now be used to estimate the ellipsoidal size and shape of the Moon's 
surface. Since the function Gi,j is nonlinear, it is linearized by using a first-order 
Taylor expansion of the function G- represents an approximate value 
fo r  Gi,j and dGi,j represents an a r ray  of first-order partial derivatives, then 
,J 
y i , ~ ,  
In this 
Thus, if Gi, l , j *  
represents the first-order Taylor expansion of G- and 
1, j, 
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represents one of the e r r o r  equations required in the least-squares solution. 
the vectors 5, c, and E a r e  mutually orthogonal. These conditions a r e  made neces- 
s a ry  by the nature of the transformation (ref. 12). They are 
Other expressions are obtained from those equations of conditions which insure that 
where the bars over the symbols indicate that these variables are vector identities; and the 
hats (A) indicate unit vectors. Since the functions C1 and c2 are nonlinear, each of 
equations (3) is expanded into first-order Taylor se r ies  in a manner similar to that for 
are the residuals for each condition, then 
c,2 
and E c, 1 expanding G. Thus, if E l , j* 
(4) 
- 
e C , l  = dC1 eC,2 = dE2 
and 
f k & j  + 
1 1  
+ lZC,2l2) = Minimum (5) 
is the least-squares condition for which a solution is to be found. 
Weighting the Data 
In order to weight the data in the appendix adequately, the Moon's surface was sub- 
divided into regions having equal surface areas. Each region was computed as though it 
were located at the Moon's equator. That is, the surface area embraced within a region 
is independent of latitude, The size of each was equivalent to a loo by 10' solid angle. 
In this fashion the data a r e  grouped according to its location on the Moon. Hence, those 
regions with large numbers of points can be weighted differently from those with only a 
few points. Thus, the triaxial ellipsoid can be made more representative of the whole 
lunar surface. More is said later with regard to this technique of weighting. 
In each instance, the coordinates for each point determined from the Lunar Orbiter 
imagery were assigned numbers w. and cri,j, where i is the point number and j is 
the region containing the point. The first number, w. was proportional to the number 




of the mean for the point and is obtained directly from the digital computer program used 
to compute these coordinates. It is the root mean square of the deviation of the radius 
f rom a mean value. As a rule, ui,j is small  (less than 20 meters) and tends to indicate 
the precision with which both the attitude of the Lunar Orbiter camera and the height of 
the Lunar Orbiter spacecraft above the Moon’s surface were estimated. Both of these 
values tend to indicate the degree of confidence which can be placed in the coordinates of 
each point. Hence, they a r e  used to weight each point in this analysis. 
If the Apollo altimeter data a r e  included with that of the Lunar Orbiter imagery, it 
must be treated fairly. Now, the weight assigned to each of the Lunar Orbiter points is 
dependent on the numbers w. Therefore, since these two sources of data 
assumed to be equal to  the average of these values for all the Lunar Orbiter points. 
and ui,j. 1, j 
are asslJm-Pd te he ceqzt ihle ,  then p 2 2lfiC.l ‘.rr_. 1 fQr each gf t_hp rltim-ptpr pQints 2Z-p 
1, J ‘,J 
A weighting function W. was used to systematically weight the different concentra- 
1, j 
tions of points within different regions on the Moon’s surface. The function was empiri- 
cally derived and depends on the total number of points, Nj identified within the jth region 
of the Moon’s surface, the standard deviation of the mean o ~ , ~ ,  and the number w- 
That is, 
l , j* 




- u .  7 0  ‘max i , j  
is the boundary condition. As can be seen, no estimate with a standard deviation greater 
than or equal to a preassigned maximum amax was accepted in the analysis. Further, 
as the number of estimates N. within a region increased, the weight decreased. 
J 
Within the weighting function, the number of points N. within each loo by loo square J 
segment of the lunar surface (region) was incremented each time a point was included in  
the jth region. Thus, N. is the current number of points included in the jth region. The 
net effect of N. within the weighting function is to minimize the effect of the different 3 
groupings of lunar points by assigning the weights to the points on a regional basis, Thus, 
since weighting decreases as Nj increases, those regions with only a few points a r e  not 
dominated in the least-square solution by those regions with large concentrations of points. 
In this fashion, the triaxial ellipsoid is made more representative of all the regions. 
J 
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Other Computational Considerations 
Since was  seldom found to exceed *20 meters, umax was generally set at 
this value. However, in rare instances an entire sequence of photography consistently 
yielded values for  u. of about *40 meters. Since all other indications showed these 
data to be good and worthy of inclusion in the estimate of lunar size and shape, amax 









RESULTS AND DISCUSSION 
Case Constraints 
1 A free-floating ellipsoid 
2 
3 Ellipsoidal axes are parallel to the principal axes f 
4 
5 The Z-axis and c-axis are parallel; Ax = 0 
6 
The Z-axis  of the Moon and c-axis of the ellipsoid are parallel 
Ellipsoidal center is at the center of gravity; Ax = Ay = Az = 0 
Ellipsoidal center is constrained to the YZ-plane; A x  = 0 
Several considerations for positioning the triaxial ellipsoid were assumed and are 
given in table I. The cases within table I are divided into two groups. For the first group, 
the ellipsoidal center is not constrained in position relative to the Moon's center of gravity 
(see fig. 4). For the second group, however, the ellipsoidal center is constrained in one 
or more components of its displacement relative to the Moon's center of gravity. Within 
both groups, restrictions are imposed on the orientation of the ellipsoidal axes relative to 
the Moon's principal axes of inertia (selenographic axes). However, within group 2, the 
primary emphasis is on restricting the displacement of the ellipsoidal centers in some 
fashion. 
TABLE I.- CONDITIONS FOR POSITIONING THE TRIAXIAL ELLIPSOID 
There are similar cases within both groups. Case 1 in group 1 is similar to both 
cases 4 and 6 in  group 2. These ellipsoids are not constrained in  orientation. Similarly, 
case 5 is like case 2. These ellipsoids a re  constrained so that the ellipsoidal c-axis is 
parallel to the Moon's spin axis Z. This is the condition which should be imposed when it  
is desirable to compute selenodetic positions (latitudes and longitudes of points). For these 
cases where the c-axis is parallel to the Moon's spin axis Z, selenodetic latitudes and 





In the d i r e c t i o n  of 
Earth-Mom line 
' I  Y 
Figure 4.- Orientation of ellipsoidal axes in selenographic coordinate system. 
The position and orientation of the ellipsoid relative to the selenographic system as 
well as the size and shape of the ellipsoid is of interest to many investigators. This is the 
case of an  unrestricted ellipsoid. Hence, case 1 is most important in this study. 
Effect of Back-Side Data 
Results for the cases  listed in table I a r e  given in both tables II and III. The results 
in table 11 were obtained by using the combined sources of data, whereas the results in 
table I11 were obtained by using data from the Lunar Orbiter imagery only. It is desirable 
to compare the different treatment of the data. But, because the useful Lunar Orbiter 
imagery was limited to the Moon's front side, i t  is exceedingly difficult to obtain an unre- 
stricted solution by using these data only. Hopmann discusses these problems in detail in 





Mean radius, deg 
Semiaxes, Latitude. 
TABLE E- ESTIMATED ORIENTATION AND SIZE OF LUNAR ELLIPSOID USING BOTH 
LUNAR ORBITER IMAGERY AND APOLLO LASER ALTIMETER DATA 
1 





























































TABLE In.- ESTIMATED ORIENTATION AND SIZE OF LUNAR ELLIPSOID 
USING LUNAR ORBITER IMAGERY 
Surface coordinates of ellipsoidal axes  
I I Displacement of center of figure, Case Longitude, deg 
I 
a I b  
Mean radius, I km 
































surface is most important. In figure 1 it is seen that this is not the case with the Lunar 
Orbiter data. But in reference 10, Gavrilov points out that this problem can be partly 
circumvented by constraining the displacement to the YZ-plane (Ax = 0) as is done in 
cases  4, 5, and 6. The effect of this constraint on Ax is seen for those results in 
table 111, For cases 1, 2, and 3, Ax was not constrained in any way. These cases  a r e  
not well behaved. The axial magnitudes a r e  seen to change radically when the axial orien- 
tations are  restricted as in cases  2 and 3. Cases 4, 5, and 6, however, do behave well. 
Hence, these a r e  the cases  fo r  which good results are obtained by using Lunar Orbiter 
imagery only. When the axial magnitudes for these cases  in table 111 are compared with 
those for  the same cases in table 11, striking similarities a r e  noted. In particular, differ- 
ences in  the axial magnitudes for cases  4, 5, and 6 do not exceed k200 meters. Further, 
if the value of Ax is added to the value of the a-axis for aii cases, the sum is consis- 
tently 1736.25 f 0.05 km. Hence the results in the two tables are consistent and, under 
the appropriate restrictions, the two different treatments of the data yield s imilar  results. 
The dominant effect of the Apollo data is in  the control of both the center displace- 
ment and the axial orientations (latitudes and longitudes of a and b) of the ellipsoid. In 
tables I1 and III the latitude and longitude of an axis refer to the selenographic latitude and 
longitude of that point where the ellipsoid is pierced by the indicated ellipsoidal axis. (See 
fig. 4.) Since the direction of the polar axis c is by definition determined from the cross 
product of E and b, the coordinates for that axis are not shown in either table. The 
coordinates shown are for the end points of the ellipsoidal axes and a r e  affected by both 
the orientation and the displacement of the ellipsoid axes. (See fig. 4.) These coordinates 
together with the axial displacement permit the ellipsoidal orientation to be represented in  
te rms  of quantities which can be easily visualized. As can be seen, their magnitudes are 
small (less than OO.5). In fact, if case 1 in table 111 is ignored these coordinates are less 
than OO.12. Thus the ellipsoidal axes are very near the Moon's three principal axes of 
inertia. 
The effectiveness of the back-side data in controlling the a-axis is clearly seen 
when these parameters for the axial orientation are compared qualitatively in both 
tables I1 and III. In table 11 a definite trend in the axial direction appears to be estab- 
lished. Only the latitudes of case 4 are positive. The mean latitudes are -0O.036 for the 
a-axis and -0O.20 for the b-axis. These mean values include case 4. Without case 4, 
the latitudes a r e  -0O.051 for  the a-axis and -0O.027 for the b-axis. In table I11 these 
same trends a r e  not clearly established. 
Since table I1 was developed by using both back-side and front-side data, these resul ts  
are more reliable. However, under the appropriate restrictions it is seen that the Lunar 
Orbiter imagery can yield results which are similar to those in table II. In particular, the 
axial magnitudes and mean radii compare well. These same trends are seen more clearly 
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in tables IV and V. Even so, this study is concerned with the best estimate of the Moon's 
size and shape, Therefore, the remainder of this paper is concerned primarily with the 
results of tables 11 and IV since they contain both data sources. 
Case 
TABLE 1V.- ELLIPSOIDAL SHAPE AND DISPLACEMENT 
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TABLE V.- ELLIPSOIDAL SHAPE AND DISPLACEMENT 












km differences, km 
a - c  b - c  Polar Equatorial 
1.4 1.0 0.0008070 0.0002306 3.551 
2.9 .8 .0016682 .OO 12080 2.723 
3.8 .7 .0021840 .0017817 3.697 
1.9 .6 .OO 10943 . 000 748 7 0 
1.5 .8 .0008640 .0004032 1.723 
2.0 .8 .0011519 ,0006911 1.378 
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Effect of Additional Constraints 
A s  was noted previously, the results of the analysis are tabulated in two groups 
according to the restrictions imposed on the ellipsoid displacement and orientation. (See 
table I.) Hence, some insight into the behavior of the estimated ellipsoidal fit can be 
gained by comparing the resul ts  of the two groups as additional constraints a r e  imposed 
on the solution. 
Consider the results in table I1 for the displacement of the center of the ellipsoid. If 
the axial orientation is ignored momentarily, it is noted that the displacement of the origin 
along the Z-axis is always negative and is between -700 and -2800 meters. Further, f o r  
the first group (cases 1, 2, and 3) the displacement of the origin along the X-axis changes 
from -1.32 krn to about -1.84 km. For  both cases  2 and 3, Ax is approximately -1.8 km. 
Sjogren (ref. 7) for a case with similar constraints. Although they usually restricted both 
the Az component of the displacement to be zero and the magnitude of the c-axis to a 
preassigned value, they did compute one case in which this Az displacement w a s  assumed 
to be -1.0 km. For  this case the value of Ax was  -1.5 km. Hence, there is a tendency 
for the absolute value of the Ax displacement to decrease as the magnitude of the Az 
displacement increases. This tendency is confirmed here. In particular, for  cases  1 
and 2 Ax changes from -1.32 km to -1.84 km as Az changes from -1.57 km to -0.70 km. 
-. i n i s  resuii 10r Ax (Ax = -1.5 h i )  agrees with the ZCSG!~S rcpartec! by W~!!e~hz~~pt EM! 
The results of this paper do not confirm the Y displacement of Ay = -1.2 km in 
reference 7. In fact, for the similar cases  (cases 2 and 3) the Ay displacement is seen 
to be opposite in sign. However, it is also pointed out in reference 7 that those results a r e  
inconclusive. In particular, it is concluded in reference 7 that this displacement of the 
ellipsoidal center is in a direction along the X-axis away from the Earth. In the present 
analysis i t  is concluded that the displacement is in a direction along the Earth-Moon line 
away from the Earth and to the south of (below) the lunar equator and that the tendency is 
for the center of figure to lie slightly to the right of the Moon's center of disk. 
The displacement in the Y-direction is correlated to the longitudinal component of the 
axial orientation. In table I1 all the values f o r  Ay are positive except for cases  1 and 6. 
For these cases the longitude of both a and b are negative (less than Oo or  goo). The 
longitudes for  the remaining cases  a re  positive. But cases  2, 3, 4, and 5 tend to res t r ic t  
Ay in some way. This restriction is either direct as for  case 4 when Ax = Ay = Az = 0 
o r  indirect as when the attitude of the c-axis is restricted.  Hence, the tendency is toward 
negative longitudes when Ay is not restricted. 
Consistency of the Results 
In table IV axial differences and ellipsoidal flattenings a r e  given for the six cases. 
Here the consistency of the results is more clearly seen. The axial difference b - c 
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changes only slightly for case 4. However, the axial difference a - c changes radically 
(800 meters) from the first group of the second group. Further, for case 5 an additional 
change of 500 meters  is noted. These same trends are noted for the polar and equatorial 
flattening. 
Of these cases, cases 1, 2, and 3 are more consistent and a r e  not restricted in Ax. 
Even the magnitudes of the ellipsoidal displacements differ only by 70 meters: The maxi- 
mum displacement is about 2.05 km whereas the minimum displacement is about 1.98 km. 
These results a r e  most encouraging and indicate that these parameters for the ellipsoidal 
size and shape and for the ellipsoidal displacement may be near their t rue values. 
Case 1 is of particular interest. This case represents results where both the ellip- 
soidal center and the axial orientation are not restricted in any fashion. It is the case of 
a free-floating ellipsoid with the axial magnitudes 
a = 1737.6 km b = 1735.6 km c = 1735.0 km 
and a displacement of center of about 2.0 km. The components of this displacement are 
shown in table I1 to be 
Ax  = -1.320 km Ay = -0.009 km Az = -1.566 km 
In view of the preceding discussion and that which is to follow, this case is most represen- 
tative of the results in this paper. 
Comparisons With Other Investigations 
Some comparisons with the results of reference 7 have been made already in th i s  
paper. But comparisons with other investigations (refs. 13, 14, 15, and 16) are possible, 
Although there is considerable disagreement in the location of the Moon's center of figure 
and the orientation of the ellipsoidal axis (refs. 9, 10, and 13), there is agreement that the 
center must be displaced to the south of the lunar equator (ref. 13). In fact, the persis- 
tence of the negative sign of Az in both tables II and III substantiates this claim. Fur- 
ther, the values -0.705 km 2 Az 2 -1.566 km from cases  l and 2 of table 11 agree well 
with those estimates of -1.0 2 Az 2 -1.5 km for that component of the displacement in 
reference 13. 
Comparing the axial magnitudes is difficult since the independent estimates of the 
values of a, b, and c vary widely. The axial differences a - c = 2.6 km and 
b - c = 0.6 km reported here do compare favorably with the corresponding values of 
1.1 km and 0.7 km, respectively, reported in reference 9. Those values were computed 
f rom the ratio of the Moon's three moments of inertia and represent the dynamical shape 
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of the Moon (ref. 9) whereas the results of this paper a r e  for the geometric shape. Other 
estimates of the Moon's axial magnitudes range from being nearly spherical to having axial 
differences for a - c of 6.8 km and better. Hence, further comparisons of axial differ- 
ences a r e  difficult. However, some comparisons of the lunar mean sphere can be made. 
The mean radius of the Moon is defined here as the radius of that sphere with a vol- 
ume equal to that of the triaxial ellipsoid. This spherical radius can be shown to be given 
by 
TTT1L.L  LL- - -.-1 L- --- L.1- - ... - - .. 
V V l L l l  uiia rei&uii, L I I ~  meau radii in both 'cabies II and Iii were computed. in  tabie ii this 
radius is seen to range from a low of about 1735.3 to about 1736.6 km, where the latter 
value is for case 2. The value for the free-floating ellipsoid is 1736.1 km. This radius 
is about 1.9 km smaller than the previously accepted value of 1738.0 km. Here, the 
smaller radius is due primarily to the smaller axial magnitudes for b and c .  (The mag- 
nitude of the a-axis is very near this radius of 1738 km for  cases  1, 2 ,  and 3.) Conse- 
quently, this study indicates that the Moon's mean radius is best represented by a smaller 
mean sphere. This fact is sustained by Sjogren and Trask (ref. 14), Compton and Wells 
(ref. 15), and others, Kaula (ref. 16) points out that a smaller ellipsoidal mean radius 
obtains better agreement between the calculated and the observed Earth- Moon distance. 
But, Gavrilov (ref. 10) concludes that the presently accepted value for the mean radius, 
1738.0 km, is about 0.8 to 1.0 km too high. Thus, the results of this study are supported 
by these investigations. 
CONCLUDING REMARKS 
Throughout this study, emphasis has been placed upon obtaining good preliminary 
results for the Moon's size and shape from a unique source of data - the Lunar Orbiter 
photographs and the Apollo laser altimeter. Although a need exists for  additional data 
over the Moon's surface, data for  both the Moon's front side and back side were available 
from these two sources. These data were treated in a manner such as to yield that triax- 
ial ellipsoid which would best fit all data. The ellipsoid w a s  a free-floating ellipsoid with 
the axial magnitudes a = 1737.6 km, b = 1735.6 km, and c = 1735.0 km and a displace- 
ment of center of about 2.0 km. The components of this displacement a r e  Ax = -1.320 km, 
Ay = -0.009 km, and Az = -1.566 km. Although the axes of this ellipsoid were found to be 
slightly skewed relative to the Moon's principal axes of inertia, the components of the 
orientation were small. Hence, the ellipsoidal axes were found to be nearly parallel to 
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the principal axes of inertia. Both the a-axis and b-axis did pierce the Moon's surface 
below the lunar equator. However, the a-axis was found to be very near the lunar prime 
meridian (selenographic longitude = 00). 
The mean radius of thls ellipsoid was estimated to be about 1736.1 km. This radius 
is about 1.9 km smaller than the previously accepted value of 1738.0 km. 
Langley Research Center, 
National Aeronautics and Space Administration, 
Hampton, Va., June 19, 1973. 
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APPENDIX 
SELENOGRAPHIC COORDINATES FOR POINTS ON THE LUNAR SURFACE 
The selenographic coordinates for points on the lunar surface are listed on the 
following pages. These coordinates were computed from the Lunar Orbiter imagery and 
the sites are identified in figure 1. 
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1 1 3 6 . 9  
1736.7  
1734.1  
1 7 3 5 . 1  
1735.1  
1 7 3 4 . 4  
1734.6  
1 7 3 5 . 4  
1 7 3 4 . 1  
1 7 3 4 . 4  
1 7 3 4 . 4  
1 7 3 4 . 4  
1 7 3 3 . 8  
1734.5  
1 7 3 4 . 9  
1 7 3 5 . 0  
1 7 3 4 . 9  
1 7 3 4 . 7  
1 7 3 5 . 0  
1 7 3 4 . 4  
1 7 3 4 . 5  
1 7 3 5 . 0  
1 7 3 4 . 5  
1134.6  
1 7 3 4 . 7  
1734.6  
1 7 3 4 . 5  
1 7 3 4 . 7  
1 7 3 4 . 8  
1 7 3 4 . 5  
1 7 3 4 . 2  
1 7 3 4 . 2  
1 7 3 4 . 6  
1 7 3 5 . 6  
1735.0  
1734.8  
1 7 3 4 . 8  
1735.2  
1 7 3 4 . 7  
1 7 3 4 . 9  
1736.1  
1 7 3 5 . 3  
1734.9  
1 7 3 4 . 8  
1 7 3 5 . 7  
1 7 3 4 . 9  
1 7 3 4 . 8  
1735.0  
1 1 3 4 . 9  
L A 1  
IOEGI 
-.04 
- .63  
- -30  
- .07  
-01  
- . 6 3  
- .35  
-16 
- - d 4  
- 5 4  
-.23 
-.49 
- -68  
-.38 
- .17  
- 5 0  
-.oo 
- .55  
- 2 6  
-.04 
-.91 - -90 
-.12 
-.47 
. 4 7  












- . 3 4  
-.Ob 
-.Ob 
3 3 - 7 6  
3 1 . 4 8  
3 1 . 5 9  
3 2 . 2 4  
3 2 - 6 1  
33 .82  
34.20 
33.69 
32 .16  
3 2 . 1 4  
3 3 . 5 5  
34.18 
3 0 . 7 6  
3 1 . 8 9  
3 1 . 9 9  
3 3 - 2 4  
3 0 . 7 6  
33.19 
3 3 . 4 6  
31 -00  
33.04 
3 2 . 8 5  
3 1 . 9 8  
3 4 - 1 3  
3 2 - 6 4  
3 2 . 3 7  
3 1 - 7 8  
3 3 . 7 0  
3 3 . 9 5  
33.81 
33.04 




3 1 - 5 0  
3 2 . 7 0  
33 .51  
33.12 
3 1 . 2 8  
3 1 - 5 7  
3 2 . 7 1  
32.90 
3 0 . 8 7  
31.42 
32.16 
3 3 . 5 4  
LONG 
I O E t i I  
35.87  
35 .91  
35.93 
35.95  
35 .98  
3 5 . 9 9  
36.05 




36 .19  
36 .22  
3 6 . 2 4  
3 6 . 2 9  
36 .31  
3 6 . 3 4  
3 6 . 3 7  
36 .42  
36 .45  
36 .46  
3 6 . 4 9  
36 .50  
36 .54  
36 .57  
36-62 
3 6 . 6 7  
3 6 - 7 0  
36.72 
36 .75  
36 .77  
36.86 
36.87  
36 .89  
36 .90  
36.94 
36 .98  
3 7 . 0 6  
37 .11  
3 7 . 1 1  
- 2 4 . 3 7  
- 2 4 . 2 6  
-24.20 
-24 .15  
-24 .J8  
- 2 3 . 9 9  
-23 .89  
-23 .43  
-23 .39  
-23 .34  
- 2 3 . 1 9  
- 2 2 . 9 2  
- 2 2 . 8 4  
- 2 2 . 7 9  
-22 .60  
-22 .43  
-22 .33  
- 2 2 . 2 5  
-22.21 




-21 .95  
- 2 1 . 9 3  
-21 .91  
- 2 1 . 8 9  
-21 .d1  
- 2 1 . 6 8  
- 2 1 . 6 3  
- 2 1 . 5 7  









-20 .41  
- 2 0 . 3 4  
-20.14 
- 1 9 . 9 4  
-19 .81  
-19 .64  
- 2 3 . 1 3  
R A D I U S  
I K H I  
1736.6  
1 7 3 6 . 0  
1736.3  
1736.6  
1737.  I 
1 7 3 6 . 5  
1 1 3 6 . 3  
1 7 3 6 . 6  
1 7 3 6 . 4  
1736.4  




1 7 3 6 . 3  
1 7 3 7 . 0  
1736.4  




1 7 3 6 . 4  
1736.5  
1736.0  








1 7 3 6 . 4  
1137.0  
1 7 3 6 . 7  
1 7 3 6 . 0  
1 7 3 6 . 0  
1136.2  
1 1 3 7 . 2  
L A T  






- - 1 3  
- 3 1  
- .21 
.01 
- 2 9  
- .14 
- 2 7  
- 5 1  
. l I  




- . 1 5  
-46 
. 0 7  
- - 2 6  




- 1 5  
- .c9  
- . I6  
-.64 





- . 2 5  
- 0 6  
.3r 
LONG 
I U E C )  
35.88  
3 5 . 9 1  
3 5 . 9 4  
3 5 . 9 7  
3 5 . 9 8  
36.02 
3 6 . 0 6  
36 .08  
3 6 . 1 1  
3 6 . 1 5  
3 6 - 1 8  
36.21 
36 .23  
3 6 . 2 5  
36.30 
36.32 
3 6 . 3 4  
36.38 
36.43 
3 6 . 4 5  
36.46 
3 6 . 4 9  
3 6 . 5 2  
3 6 . 5 4  
3 6 - 5 1  
3 b . 6 4  
3 6 . 6 9  
3 6 . 7 1  
3 6 . 7 3  
3 6 . 7 5  
36 -82  




3 6 . 9 5  
3 6 . 9 9  
3 7 . 0 6  
3 7 . 1 4  
LUNAR J R B I T E R  PHOTJGRAPHLC S I I E  V 3d 
1 7 3 5 . 4  
1734.5  





1 7 3 4 . 9  
1 7 3 5 . 0  
1734. 5 
1 7 3 4 . 3  
1 7 3 4 . 0  
1 7 3 4 . 8  
1134.7  




1 7 3 4 . 6  
1 7 3 5 . 0  
1 7 3 4 . 7  
1 7 3 4 . 9  
1 7 3 5 . 3  
1 7 3 4 . 8  
1 7 3 4 . 3  
1 7 3 3 . 0  
1 7 3 4 . 4  
1734.5  
1 7 3 4 . ~  
1735.7  
1 7 3 4 . 9  
1 7 3 4 . 9  
1734.6  
1 7 3 4 . 5  
1 7 3 5 . 0  
1734.9  
1 7 3 4 . 8  
1 7 3 6 . 0  
1 7 3 5 . 5  
1 7 3 5 . 3  
1734.9  
1 1 3 4 . 8  
1734.d  
1735.2  
1 7 3 4 . 9  
1134.8  
3 0 . 9 0  
3 1 . 8 5  
3 3 . 5 2  
33 .49  
33.48 
33 .81  
3 1 . 1 3  
3 1 . 4 2  
32 .86  
33.2.)  
3 4 . 0 6  
31.10 
32.21 
32 .66  
33 .d7  
3 1 - 5 4  
51.69 
3 2 - 0 6  
30 .65  
3 1 . 5 2  
31.I.2 
3 2 . 2 0  
3J. 60 
31 - 6 9  
3 2 . 7 9  
34.09  
3 2 . 8 5  
3 2 - 1 1  
3 3 . 3 9  
30.130 
32.50 
3 3 - 1 1  
3 4 . 0 9  
3 1 . 6 2  
3 2 . 2 7  
32.00 
33.90 
3 1 . 3 5  
3 1 . I d  
3 3 - 1 1  
3 2 . 1 6  
3 3 . 9 4  
32.01 
3 2 - 5 2  
33.18  
3 1 . 1 1  
- 2 4 . 2 7  
- 2 4 . 2 5  
- 2 4 . 1 8  
-24 .14  
- 2 4 . 0 6  
-23.82 
- 2 3 . 5 8  
-23 .41  
- 2 3 . 3 7  
- 2 3 . 3 3  
- 2 3 . 1 8  
- 2 2 . 9 0  
-22 .80  
- 2 2 . 7 6  
- 2 2 . 6 0  
-22.38 
-22.32 
- 2 2 . 2 5  
-22 .21  
- 2 2 . 1 7  
- 2 2 . 1 2  
- 2 2 . 0 8  
- 2 2 . 0 0  
- 2 1 . 9 4  
- 2 1 . 9 3  
- 2 1 . 9 1  
-21 .88  
-21.81 
- 2 1 . 6 6  
-21 .63  
- 2 1 . 5 7  
-21 . 4 5  
- 2 1 . 3 1  
-21 .24  
- 2 1 . 1 2  
- 2 0 . 9 0  
- < 0 . 7 d  
- 2 0 . 6 6  
- 2 0 . 5 4  
-20.3’4 
- 2 0 . 3 3  
- 1 9 . 9 2  
- 1 9 . 7 7  
- 2 3 . 9 1  
-21 .01  
-2o .on 
R A D I U S  
I K M )  
1 7 3 6 . 0  
1736.  7 
1 7 3 6 . 4  
1 7 3 6 . 0  
1 7 3 7 . 2  
1 7 3 7 . 2  
1 1 3 6 . 5  
1 7 3 6 . 9  
1 7 3 6 . 8  
1137.  I 
1 7 3 6 . 4  
1 7 3 6 . 9  
1 7 3 6 . 3  ~ ~~~~ 
1 7 3 7 . 2  
1736. 7 
1 7 3 6 . 3  
1 7 3 6 . 5  
1 7 3 6 . 4  
1 7 3 7 . 0  
1 7 3 6 . 4  
1 7 3 6 . 9  
1 7 3 7 . 2  
1 7 3 6 . 3  
1736.  I 
1 7 3 6 . 5  
1 7 3 7 . 4  
1 7 3 7 . 2  
1 7 3 6 . 1  
1 7 3 6 . 8  
1 7 3 7 . 7  
1 7 3 6 . 2 ’  
1 7 3 6 . 4  
1 7 3 7 . 7  
1 7 3 6 . 5  
1 1 3 6 . 7  
1736.5  
1 7 3 6 . 4  
1736.3  
1 7 3 6 . 4  
1734. d 
1 7 3 5 . 1  
1 7 3 4 . 6  
1 1 3 4 . 3  
1 7 3 4 . 5  ~~ 
1 7 3 3 . 8  
1 7 3 4 . 0  
1735.  r 
1 7 3 4 . 5  
1 7 3 4 . 5  
1 7 3 4 . 5  
1 7 3 4 . 2  
1733.  7 
1 7 3 4 . 6  
1734.7  
1 7 3 5 . 0  
1 7 3 5 . 4  
1 7 3 5 . 3  
1 7 3 5 . 3  
1 7 3 4 . 6  
1 7 3 5 . 5  
1734.7  
1 7 3 4 . 8  
1 7 3 4 . 3  
1 7 3 5 . 4  
1 7 3 4 . 5  
1 7 3 5 . 3  
1 7 3 4 . 7  
1 7 3 4 . 6  
1734. 6 
1734.  6 
1 7 3 5 . 1  
1 7 3 4 . 9  
1 7 3 4 . 5  
1 7 3 5 . 0  
1 7 3 5 . 0  
1 7 3 4 . 9  
1 7 3 4 . 6  
1 7 3 4 . 6  
1 7 3 5 . 4  
1 7 3 5 . 0  
1 7 3 4 . 9  
1 7 3 5 . 0  
1 7 3 5 . 3  
1 7 3 5 . 0  
1 7 3 4 . 8  
1 AT LONG 
I O E G I  I O E G I  
- 5 8  35.88 
- .45  35 .92  -. 18 35.94  
. 1 9  35 .97  
- 5 6  3 5 . 9 8  
.03 36.02 
-.a2 36 .06  -. 36 36 .09  
-.49 36.11 
- .67 36.16 
- .09  3 6 . 1 9  -. 87 3 6 . 2 1  -. 13 36.24 
- .70  3 6 . 2 8  -. 54 36.31 
-.24 3 6 . 3 3  
-.40 36.36 -. 18 3 6 . 3 9  -. 72 3 6 - 4 4  -. 32 3 6 . 4 5  
- .56 3 6 . 4 9  -. 74 36 .50  
- 1 9  3 6 . 5 4  . 48 36.55  -. I8 36 .58  
-.bo 36.66  
- .96  36 .69  
. 4 3  36 .72  
- .21 3 6 . 7 4  
-.81 3 6 . 7 6  
- .35  36 .85  
- - 3 0  3 6 . 8 6  
-.66 36.89 -. I 9  3 6 . 9 0  -. 12 36-92 
-.20 3 6 . 9 7  
. 3 4  3 7 . 0 2  
.30 37.11  
-30  3 7 - 1 9  
31.40 -24 .27  
31 .20  -24.24 
33.79  - 2 4 . 1 7  
33 .51  - 2 4 . 1 3  
32 .99  - 2 4 . 0 5  
34.01 -23.91 
33.52 -23.80 
31.54  - 2 3 . 5 2  
32 .76  -23.40 
31.71  - 2 3 . 3 7  
32.96 - 2 3 . 3 1  
30.86 - 2 2 . 9 2  
31.39 - 2 2 . 9 0  
32 .13  -22 .79  
33 .52  -22 .67  
3 4 . 1 3  -22 .57  
31 .26  -22 .35  
31 .47  -22 .27  
31.44  - 2 2 . 2 4  
32.53 - 2 2 . 2 1  
3 1 . 1 3  -22 .16  
30.82 -22 .11  
34.16 -22.08 
33.15 - 2 1 . 9 8  
30 .85  - 2 1 . 9 4  
33 .52  - 2 1 . 9 3  
31 .09  - 2 1 . 9 0  
32.21 -21 .87  
32 .48  - 2 1 . 7 4  
32.86 -21.66 
34.06  - 2 1 . 5 8  
32.14  -21.48 
32 .37  - 2 1 . 4 4  
33.05 -21 .27  
31.72 -21 .16  
32.12 -21.10 
32.96 -20 .96  
33 .58  - 2 0 . 9 0  
30 .66  -20 .70  
30.94 - 2 0 . 6 2  
32.21 -20 .48  
32.58  - 2 0 . 3 4  
33.5b - 2 0 . 2 5  
31.22 -19 .99  




R A O I L S  L A T  LONG 
I K M I  I OEG I I OEGI 
1 7 3 5 . 1  
1 7 3 4 . 8  
1 7 3 5 . 3  
1 7 3 6 . 1  
1 7 3 5 . 5  
1 7 3 5 . 3  
1736.  I 
1 7 3 6 . 1  
1 7 3 5 . 1  
1 7 3 5 . 0  
1 7 3 5 . 6  
1 7 3 6 . 1  
1 7 3 4 . 7  
1 7 3 5 . 0  
1 7 3 5 . 8  
1 7 3 5 . 3  
1 7 3 5 . 9  
1 7 3 5 . 2  
1 7 3 5 . 5  
1 7 3 3 . 5  
1 7 3 5 . 4  
1 7 3 0 . 7  
1 7 3 6 . 1  
1 7 3 5 . 5  
i 7 3 5 . 4  
1 7 3 5 . 3  
1 7 3 5 . 4  
1 1 3 6 . 6  
1 7 3 5 . 5  
1 7 3 5 . 8  
1 7 3 5 . 5  
1 1 3 5 . 9  
1 7 3 5 . 6  
1 7 3 5 . 7  
1 7 3 6 . 3  
1 7 3 6 . 0  
1 1 3 5 . 9  
1 7 3 6 . 2  
1 7 3 5 . 7  
1 7 3 5 . 4  
1 7 3 6 . 1  
1 7 3 6 . 0  
1 7 3 5 . 9  
1 7 3 6 . 0  
1 1 3 6 . 2  
1 7 3 5 . 1  
1 7 3 5 . 8  
1 7 3 6 . 0  
1 7 3 6 . 1  
1 7 3 6 . 0  
1 7 3 3 . 7  
1 7 3 5 . 0  
1 7 3 4 . 8  
1 7 3 3 . 0  
1 7 3 3 . 2  
1 7 3 5 . 3  
1 7 3 6 . 3  
1 7 3 5 . 6  
1 7 3 5 . 1  
1 7 3 3 . 6  
1 7 3 3 . 1  
1 7 3 3 . 0  
1 7 3 3 . 1  
1 7 3 5 . 1  
1 7 3 5 . 3  
1 7 3 3 . 4  . ~ . .  
1733.  I 
1 7 3 3 . 3  
1 7 3 3 . 2  
1 7 3 5 . 6  
1733.2  . ~~ - 
1 7 3 5 . 4  
1 7 3 3 . 5  
1 7 3 5 . 4  
1 7 3 5 . 1  
1 7 3 5 . 5  
1736.C 
1 7 3 5 . 8  
1 7 3 5 . 2  
1 7 3 3 . 8  
1 7 3 5 . 2  
1 7 3 4 . 9  
1 7 3 3 . 2  
1 7 3 3 . 4  
1 2 . 4 4  
1 2 . 1 6  
12.64 
14.28 
1 2 . 2 7  
1 2 . 8 7  
14.14 
14.24 
1 1 . 7 9  
1 2 . 2 1  
1 2 . 9 2  
1 3 . 7 2  
11.88 
12.17  
1 3 . 1 9  
12 .80  
13 .80  
1 2 . 0 1  
1 2 . 4 6  
i i . 8 1  
1 2 - 4 7  
1 1 . 7 1  
13.89 
12.12 
1 2 . 3 0  
1 1 . 7 7  
1 3 . 5 4  
1 3 . 0 6  
13.46 
1 3 . 7 4  
1 2 . 5 6  
13.05 
1 3 . 3 2  
1 1 . 7 2  
14 .07  
1 2 . 8 8  
1 2 . 3 7  
1 3 . 2 5  
1 3 . 7 5  
I1 -64 
12.12  
1 2 . 5 9  
12 .48  
1 3 - 3 0  
1 3 . 8 0  
1 4 . 0 2  
11 .82  
1 2 . 4 3  
1 3 . 5 1  
1 3 . 6 5  
- 1 8 . 7 0  
- 1 7 . 6 9  
- 1 5 . 1 8  
- 1 8 . 1 3  
-18.49 
- 1 7 . 0 1  
- 1 6 . 3 9  
-15.54 
- 1 5 . 2 3  
- 1 8 . 7 1  
- 1 8 . 3 0  
- 1 8 . 1 3  
- 1 7 . 7 0  
- 1 7 . 1 1  
- 1 6 . 2 6  
- 1 8 . 7 8  
- 1 8 . 3 9  
- 1 9 . 0 0  
- 1 7 . 8 3  
- 1 6 . 6 2  
-18.38 
-16.41 
- 1 7 . 7 0  
- 1 7 . 1 8  
- 1 5 . 2 2  
- 1 4 . 9 5  
-16.14 
- 16.50 
- 1 4 . 7 4  
- 1 5 . 4 0  
- 1 5 . 1 2  
- 1 4 . 7 7  
-19.06 
-17.81) 
-32 .33  
-32 .27  
-32 .22  
- 3 2 . 1 3  
-31 .89  
-31 .88  
-31 .78  
- 3 1 . 6 4  
-31 .55  
-31 .50  
-31.46 
-31 .35  
-31 .30  
-31.30 
-31 .27  
-31 .21  
-31.17 
-31 .09  
-3 1.04 
-31.02 
- 3 0 . 9 9  
-30 .96  
-30 .94  
- 3 0 . 8 8  
-30 .87  
-30.81 
- 3 0 . 7 2  
- 3 0 . 6 8  
-30 .64  
-30 .61  
-30 .54  
-30 .47  
- 3 0 . 4 4  
-30 .38  
- 3 0 . 3 6  
-30 .33  
-30 .30  
- 3 0 . 1 2  
-30 .09  
-30 .04  
-30 .01  
-29 .96  
-29 .91  
-29 .87  
-29 .70  
-29 .64  
-29 .56  
-29 .52  
-31 .78  
-30 .a9  
-41 .79  
-41.60 
-41 .30  
-41.08 
-41.01 
-40 .95  
- 4 0 - 8 7  











-40 .09  
-40 .07  
-40.06 
-40 .02  
-40.01 
-40 -00 
- 3 9 . W  
-39 .97  
-39 .95  
-39.91 
-39 .89  
- 3 9 . m  
-39 .06  
-39.d0 
-39 .77  
-39.66 
R A D I U S  L A T  LONG 
IKUI LDEGI I O E G I  




1 7 3 5 . 3  
1 7 3 5 . 4  
1 7 3 5 . 3  
1735.7  
1736.0  
1 7 3 5 . 2  
1735.5  
1735.7  
1 7 3 5 . 6  
1735.4  
1735.0  
1 7 3 5 . 4  
1735.6  
1 7 3 5 . 0  
1736.4  
1 7 3 5 . 5  
1732.5  
1 7 3 3 . 4  
1735.8  
1 7 3 5 . 9  
1 7 3 5 . 9  
1736. I 
1736.0  
1 7 3 5 . 8  
1 7 3 6 . 8  
1735.4  
1 7 3 5 - 6  
1 7 3 5 . 6  
1735.8  
1736.  I 
1736.2  
1 7 3 5 . 9  
1 7 3 5 . 8  
1 7 3 6 . 1  
1 7 3 6 . 1  
1 7 3 6 . 2  
1734.7  
1 7 3 6 . 0  
1 7 3 6 . 1  
1 7 3 6 . 4  
1 7 3 6 . 0  
1735.7  
1 7 3 5 . 3  
1 7 3 5 . 6  
1736.0  
1 7 3 6 . 2  
1736.1  
I I . V I  
13.1Y 
1 3 - 2 6  




13 .78  




1 2 . 5 7  
12.24 
12.65  
1 3 . 5 0  
11.117 
14.21 




12 .62  
13.41 
13.18  





1 2 - 3 5  
13 .53  




13 .29  
13 .09  
13.92 
11.81 
12 .24  
12.55 
12.82 
13 .22  
1 3 . 3 4  
11.67 
12 .20  
12.70 
13.00 
13 .00  
- 3 2 . 3 2  
- 3 2 . 2 3  
- 3 2 . 2 0  
-31 - 9 3  
-31  - 8 9  
- 3 1 . 8 7  
- 3 1 . 7 8  
-31 - 7 6  
-31 .61  
-31  - 5 5  
- 3 1  - 4 8  
- 3 1  - 4 3  
- 3 1 . 3 3  
- 3 1 . 3 0  
- 3 1 . 2 9  
- 3 1 . 2 4  
-31.18 
- 3 1 . 1 4  
- 3 1  - 0 5  
- 3 1 . 0 2  
-31  -00 
- 3 0 . 9 8  
- 3 0 . 9 4  
- 3 0 . 9 1  
- 3 0 . 8 9  
- 3 0 . 8 d  
- 3 0 . 8 5  
-30.80 
- 3 0 . 7 2  
- 3 0 . 6 d  
- 3 0 . 6 3  
- 3 0 . 5 b  
- 3 5 . 5 2  
- 3 0 . 4 7  
- 3 0 . 4 1  
- 3 0 . 3 8  
- 3 0 . 3 3  
- 3 0 . 3 2  
- 3 0 . 2 7  
- 3 0 . 1 1  
- 3 0 . 0 9  
- 3 0 . 0 2  
- 2 9 . 9 3  
- 2 9 . 9 0  
- 2 9 . 7 2  
- 2 9 . 6 6  
- 2 9 . 6 4  
- 2 9 . 5 5  
- 2 9 . 5 2  
- 2 9 . 9 8  
L U N I R  O R B I T E R  PHOTDGRdPHIC S l l E  V 43.2  
1734.  I 
1 7 3 4 . 7  
1 7 3 4 . 8  
1 7 3 3 . 5  
1733.0  
1 7 3 5 . 3  
1735.5  
1 7 3 6 . 4  
1 7 3 4 . 1  
1733.4  
1 7 3 3 .  I 
1 7 3 3 . 2  
1 7 3 5 . 3  
1737.5  
1 7 3 5 . 1  
1 7 3 5 . 7  
1733.  I 
1 7 3 3 . 2  
1 7 3 3 . 3  
1 7 3 5 . 4  
1 7 3 5 . 4  
1 7 3 3 . 5  
1 7 3 5 . 9  
1734.4  
1 7 3 5 . 1  
1 7 3 5 . 4  
1 7 3 5 . 7  
1 7 3 3 . 6  
1736.2  
1735.  I 
1 7 3 5 . 3  
1 7 3 3 . 3  
1 7 3 3 . 5  
1 7 3 4 . 4  






-16 .54  
-15.86 
-14.80 
-18 .97  
-18 .d3  
-18 .59  
- 1 7 . 3 2  
-15.113 
-16 .63  
- 1 5 - 0 6  
-18.26 
-18.02 
-10 .51  
- 1 7 . 0 4  
- 1 7 . 1 3  
-18.66 
- 1 b . 0 6  
- 1 5 . 4 2  
-15 .21  
-17 .03  
-16 .67  
- 1 5 . 5 6  
-1b.33  
-14 .d5  
-16.00 
-1U .Yb  
- 1 8 . 7 4  
- 1 5 . 9 4  
- 4 1 . 7 5  
- 4 1 . 6 0  
- 4 1 . 2 6  










- 4 0 . 3 4  
- 4 0 . 3 0  
- 4 0 . 2 2  
-40.14 
- 4 0 . 0 9  
- 4 0 . 0 9  
- 4 0 . 0 7  
-40.04 
- 4 0 . 0 2  
-40.01 
- 4 0 . 0 0  
- 3 9 . 9 9  
- 3 9 . 9 7  
- 3 8 . 9 3  
- 3 9 . 9 0  
- 3 9 . 8 9  
-39 .87  
- 3 9 . 8 5  
- 3 9 . 8 0  
- 6 9 . 7 5  
- 3 9 . 6 5  
R A D I U S  
IKMI 
1 7 3 5 . 4  
1735.M 
1 7 3 6 . 4  
1 7 3 5 . 6  
1 1 3 5 . 4  
1 7 3 5 . 5  
1 7 3 5 . 7  
1 7 3 6 . 0  
1 7 3 5 . 7  
1 7 3 6 . 4  
1 7 3 5 . 9  
1 7 3 6 . 2  
1 7 3 5 . 4  
1 7 3 5 . 4  
1 7 3 5 . 7  
1 7 3 5 . 7  
1 7 3 6 . 3  
1 7 3 5 . 7  
1 7 3 5 . 8  
1 7 3 5 . 5  
1 7 3 5 . 2  
1 7 3 1 . 2  
1 7 3 6 . 0  
1 7 3 5 . 0  
1 7 3 6 . 2  
1 7 3 5 . 2  
1735.  6 
1 7 3 5 - 6  
1735.7  
1 7 3 5 . 3  
1 7 3 5 . 7  
1 7 3 5 . 9  
1 7 3 5 . 9  
1 7 3 6 . 2  
1 7 3 5 . 8  
1 7 3 5 . 8  
1 7 3 6 . 2  
1 7 3 6 . 1  
1 7 3 6 . 3  
1 7 3 5 . 3  
1 7 3 4 . 2  
1 7 3 6 . 1  
1 7 3 6 . 2  
1 7 3 5 . 7  
1 7 3 6 . 0  
1736. I 
1 7 3 6 . 3  
1 7 3 6 . 0  
1 7 3 6 . 5  
1 7 3 5 . 1  
1 7 3 7 - 8  
1 7 3 4 . 8  
1 7 3 3 . 2  
1 7 3 3 . 0  
1 7 3 5 . 8  
1 7 3 6 . 3  
1 7 3 6 . 0  
1 7 3 4 . 0  
1733.  I 
1 7 3 3 . 0  
1 7 3 5 . 1  
1735. I 
1 7 3 5 -  I 
1 7 3 5 . 7  
1 7 3 3 . 5  
1733.  I 
1 7 3 3 . 6  
1 7 3 3 . 1  
1 7 3 5 . 4  
1 7 3 3 . 5  
1 7 3 4 . 2  
1 7 3 3 . 4  
1 7 3 4 . 3  
1 7 3 4 . 4  
1 7 3 4 . 9  
1 7 3 6 . 6  
1733.5  
1 7 3 3 . 6  
1 7 3 5 . 9  
1 7 3 4 . 2  
1 7 3 3 . 5  
1 7 3 3 . 5  
1 7 3 4 . 2  
L A T  





13 .03  
13 .34  
13-61  
14.05 





12 .99  
13 .31  
1 3 . 9 4  
12 .58  
13.53 
12 .33  
13.17 
11.77 
12 .85  
11.71 
13 .86  
12.17 
12.38 
12 .96  







12 .68  
13 .39  
13 .13  
14. 03 
11.97 
11 .72  
12.93 
13 .09  
13.35 
13 .49  
12 .30  








-17 .81  
-16 .60  
-15 .15  
-15.67 
-14 .76  
-18.34 
-17.81 






-18 .86  
-1 7.64 





-15 .42  
-15 .79  
-16. I d  
-15.73 
-15.62 
-15 .07  
-15 .34  
-18 .64  




- 3 2 . 2 8  
- 3 2 . 2 3  
- 3 2 . 1 8  
-31 .92  
-31 .88  
- 3 1 . 8 0  
-31 .78  
-31 .75  
-31.5R 
- 3 1 . 5 2  
-31 .47  
-31 .42  
- 3 1 . 3 3  
-31 .30  
- 3 1 . 2 8  
- 3 1 . 2 3  
- 3 1 . 1 7  
- 3 1 . 1 2  
-31 .04  
- 3 1 . 0 2  
- 3 1 . 0 0  
- 3 0 . 9 8  
-30 .94  
-30 .89  
- 3 0 . 8 8  
-30 .87  
-30.84 
-30 .76  
- 3 0 . 7 0  
-30 .64  
-30 .62  
- 3 0 - 5 6  
-30 .48  
-30 .46  
-30 .41  
-30 .38  
- 3 0 . 3 3  
-30 .31  
- 3 0 . 1 9  
-30.10 
-30 .06  
- 3 0 . 0 1  
-29 .97  
- 2 9 . 9 3  
- 2 9 . 8 9  
-29 .70  
- 2 9 . 6 5  
-29 .61  
- 2 9 . 5 5  
- 4 1 . 6 9  
-41.48 
-41.26 
-41 .06  
-40 .96  
- 4 0 . 8 9  
-40.84 
-40 .81  
-40 .69  
-40.48 
-40 .46  
-40.41 
- 4 0 . 3 8  
-40 .34  
-40 .26  
-40 .17  
-40.14 
-40 .09  
-40.08 
- 4 0 . 0 7  
-40 .04  
-40.01 
-40 .01  
-39 .99  
-39 .97  
- 3 9 . 9 6  
- 3 9 . 9 2  
- 3 9 . 8 9  
- 3 9 . 8 8  
-31.86 
-39 .85  
- 3 9 . 7 9  
-39 .71  
- 3 9 . 6 4  
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R A U I L S  
I K H I  
1 7 3 3 . 3  
1 7 3 6 - 5  
1135.8 
1735.8 
1736 .8  
1735.5 
1735.4 
1 7 3 3 . 8  
1 7 3 6 . 1  
1 7 3 5 . 4  
1735.4 
1734.0 




































1 7 3 7 . 1  
1 7 3 2 . 3  
1735.6 
















1 7 3 4 . 8  
1 7 3 6 . 5  




































3 4 . 6 9  
35.45 













































$8. I I 







































































































RALIIUS LAT LONG 









1735 .8  
1735 .2  
-15.71 
























































































3 7 . 3 4  





























34  d4  
34.18 
32.56 










3 6 . 3 0  
37.29 
35 -88  








1735.2 2 l .b8  
1735.6 27.22 
1735.9 28.J2 
1736.0 2 9 - 1 3  
L73b.5 2 5 - 1 8  
1735.2 25.74 
1736.5 27.25 








































































- 4 4 ; 3 6  
-44.31 
-44.24 
- + 4 . 1 7  
R A D I U S  L A T  
I K H I  I O E G I  
1735.7 -17 .16  
1735. V -16- 59 
1735 .  7 -15.09 
1737.1 -16.06 
1735.6 -15.50 



















































































































3 6 .  I 8  
36.74 








1735.  6 20.62 
1735.7 28. IO 
1736.4  24.83 






I O E G )  




















































































R A O I L S  
























































































L A T  
























































































L O h G  
I 0 E G l  
-44.15 

















































































































































i m . 8  
ir35.5 
1137.3 














































25 . J I  
26.27 




























































































































































- 4 8 . 1 9  
-41.17 
R A D I U S  
























































































L A T  


































































































































































































































RADIUS LA1 LUNG 












2 3 - 1 0  -46.56 
23.71 -40.49 
2 4 - 7 5  -46.38 
21-66 -46.20 
22.46 - 4 6 . 1 3  





















































































1735.0 25 .6~ )  
















































































- 4 9 . 3 0  






































































































24 -41  
25.25 































































































1736. L 1736.6 ~~ 
1736.2 26.44 
1735.6 23.72 
1736.  1 2 5 - 3 5  
2 6 . 1 4  
1735.9 
1736 .  I 
1736.2 

















LUNAR J R B l T E R  PHOTOGRAPHIC Sllt V 5 1  
1734.6 I L . 2 1  -57.55 
1 r 3 3 . 9  12.68 -57.49 
1734.2 1 3 - 4 8  -57.42 
1733.9 14.31 -57.38 
1735.8 15.27 -57.28 
1734.3 12.28 -57.00 
1734.1 13-20 -56.94 
1734. I 1 3 - 2 0  -56.90 
1734.3 13.53 -56.94 
1736.4 15.19 -56.75 
1734.9 11.96 -50.62 
1734.2 12.67 -50.55 
1734.5 13.06 -56.53 
1734.5 13 -95  -56.45 
1734.5 13.79 -56.42 
1735.8 11-98 -56.25 
1 3 - 5 3  -56.15 1734.6 
13-31 -56.13 1735.1 
1734.8 13-80 -56.08 
1735.1 1 3 . 3 3  -26.03 
1734.9 13 -03  -55.98 
1734.7 13.86 -55.93 
1 1 - 5 7  -55.8d 1734.9 
14.99 -55.78 1736. M 
1135.0 13-26 -55.69 




1 1 . Y I  







































































































14.  14 






























1 3 - 3 0  
14.26  
















R A U I U S  





















































































L I T  
















































































































































4 2 . 8 6  
42.92 

























R A D I U S  L A T  L O N G  
I K N I  I O E G I  IOEGI 
1737.3 15.00 -55 .47  
1737.3 15.03 -55.38 
1735.4 12-32 -55.28 
1734.9 13.01 -55.18 
1734.9 13.77 - 5 5 . 0 8  
1736.1) 14.87 -55.00 
1736.5 14.4Y -54.97 
1736.3 11.74 -54.88 
1734.8 12.74 -54.77 
1735.0 13.40 -54.71 
1735.0 13.60 -54.64 












































































- I  -03 
-1.02 
-a26  










- .65  
-.e9 - -98 
- . a>  
-1 -53 
-.44 
- . 7 1  
-.a2 
-1 -22 
- a 5 1  - -89 
-1.22 
-1.01 


















-1 -26 - .53 




- I  .08 
-1.bI 
-1.27 - - 5 6  
- I .  a6 





















41 .52  



































J W A Y H I C  S I T E  I P 3 














- 1 7  29.10 
R A D I U S  L A T  











1735.2 14- 35 
1737.3 -1.32 
1736.8 -.45 
1737.2 -. 81 
1737.0 -. 68 
1736.6 -.SI 
1736.6 - .52 
1736.4 -1 .OY 



























































1735.8 -. 14 
1735.9 -80 
-1735.7 -.oo 
1735.8 -61  
1735.7 -95 
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L A 1  




. I8  
-53 
-.23 























































- .14  
-.70 




- . I 4  
.2I 






- 6 2  
-22 
-16 
- 5 0  



























































































































































































L A 1  LONG 
I O E G I  I O E G I  
- .do 25.12 





- . O B  25-36 
-36 25.41 






























-64 2 6 - 5 1  
.d3 26.54 
-64 26.60 
* 15 26-68 
. I 4  26.71 
-61 26.74 
-.55 26.81 
- 0 3  26.87 
-74 26.92 
-56 26.95 
- 3 4  27.01 









-.52 2 1.44 










-40 2 5 - 6 8  
.I2 26.w 


























































































I O t C )  
- 6 1  
1.19 






















































-30 -. 31 . 00 
-64 
.27 
-.05 -. 12 
-.55 -. 09 











































































































R A D I U S  
I K M I  
1 7 3 6 . 5  
1 7 3 6 . 4  
1 7 3 6 . 4  
1 7 3 7 . 1  
1 7 3 1 . 2  ~ . - 
1 7 3 7 . 2  
1 7 3 7 . 1  
1 7 3 7 . 3  
1 7 3 7 . 1  
1 7 3 7 . 3  
1 7 3 7 . 1  ~ ~ .
1 7 3 7 . 2  
1 7 3 7 . 3  
1 7 3 7 . 1  
1 7 3 7 . 2  
1 7 3 7 . 2  
1 7 3 7 . 1  
1 7 3 7 . 0  
1 7 3 7 . 1  
1737 .1  
1 7 3 7 . 2  
1 7 3 7 . 2  
1731 .0  
1 7 3 7 . 2  
1 7 3 7 . 0  
1 7 3 7 . 2  
1736 .9  
1 7 3 7 . 1  
1 7 3 7 . 2  
1 7 3 7 . 4  
1 7 3 7 . 3  
1 7 3 7 . 7  
1 7 3 7 . 3  
1137 .5  
1 7 3 7 . 1  
1 7 3 6 . 9  
1 7 3 7 . 1  
1 7 3 6 . 8  
1 1 3 6 . 8  
1 7 3 7 . 0  
1 7 3 7 . 4  
1 7 3 6 . 7  
1737 .1  
1 7 3 7 . 1  
1 7 3 7 . 2  
1 7 3 7 . 3  
1737 .4  
1 7 3 7 . 2  
1 7 3 8 . 0  
1 7 3 7 . 4  
1 7 3 7 . 2  
1 7 3 7 . 3  
1 7 3 7 . 5  
1 7 3 7 . 7  
1 7 3 7 . 5  
1 7 3 7 . 9  
1 7 3 7 . 6  
1 7 3 7 . 7  
1 7 3 8 . 4  
1 7 3 7 . 1  
1 7 3 7 . 5  
1 7 3 7 . 7  
1 7 3 7 . 4  
1 1 3 8 . 1  
1737 .5  
~ 7 3 n . 3  
1 1 3 7 . 4  
1 7 3 7 . 9  
1 7 3 7 . 7  
1 7 3 7 . 5  
1 7 3 7 . 4  
1738 .  I . .~ . .  
1738 .1  
1737 .6  
1 7 3 8 . 3  
1 7 3 7 . 7  
1 7 3 7 . 6  
113d.O . ~~.~ 
1 7 3 7 . 7  
1 7 3 7 . 6  
1 7 3 4 . 8  
1 7 3 7 . 6  
1 7 3 7 . 5  
L A 1  
I O t G l  
. 9 5  
1.UO 
. 98  
. 3 4  
.50 
. 3 3  
- .u9 
- . 3 9  
- 6 5  
-.14 
- . l Y  
.*O 
-04 
. 3 1  














- . 5 3  
.22 
-.62 
. 5 9  
.02 
- 6 3  
-.co 
-.45 
- . I 3  
-.44 
-.25 







- . 33  




- . 5 8  
-.d2 
- . 1 3  
-.48 





- . 03  
- .43 
- . 33  
- . 6 9  
-.49 
- .88  
- .34 
-.07 
- . I 9  
- .37 
- . 47  
. 2 8  
-.61 
- 0 7  
-.61 
-.23 






. I 9  
LJNG 
I O E G J  
12 .10  
1 2 . 1 5  
12 .19  
12.23 
1 2 . 2 0  
12 .31  
12 .43  
12 .47  
12.53 
12.56 ~~ 
12 .69  
12 .72  
1 2 - 7 6  
1 2 - 7 9  
12.84 
12 .92  
1 2 . 9 9  
1 3 - 0 6  
13 .10  
13 .11  
1 3 - 1 4  
13 .20  ~~ 
13 .26  
13 .33  
13.35 
13 .38  
13.43 
13 .48  
13 .56  
13 .63  
13 .68  
13.75 
13 .79  
L 3.8Y 
13 .98  
13 .99  
1 4 - 0 3  
14.J8  




l 4 . W  
14.31 




14 .49  




1 4 - 7 1  
1 4 - 7 3  
14 .73  
1 4 - 7 7  
14.82 
14.85 
14 .d9  
14 .92  
1 4 . Y 4  





















R A D l U S  
I K M I  
1737 .1  
1736 .5  
1 7 3 7 . 3  
1 7 3 7 . 2  
1736 .9  
1737 .1  
1737 .1  
1737 .3  
1 7 3 7 . 3  
1 7 3 7 - 1  
1 7 3 7 . 1  
1737 .2  
1 7 3 7 . 3  
1737 .1  
1 7 3 7 . 0  
1736.  Y 
1737.  I 
1 7 3 7 . 2  
1737 .1  
1737 .2  
1737 .1  
1136 .9  . .~ 
1 7 3 7 . 2  
1 7 3 6 . 9  
1 7 3 7 . 0  
1737 .0  
1731 .1  
1 7 3 1 . 4  
1737 .5  
1737 .5  
1 7 3 7 . 5  
1737 .1  
1737.  I ~~ 
1737 .0  
1737 .2  
1 7 3 7 . 3  
1737 .1  
1737.  I 
1737.2 
1737 .3  
1 7 3 6 . 8  
1736 .8  
1 7 3 7 . 2  
1 7 3 7 . 4  
1737 .4  
1737 .4  
1 7 3 7 . 8  
1737 .4  
1738.  I 
1738 .5  
1738 .3  
1737 .4  
1737 .6  
1 7 3 7 . 8  
1137 .9  
1 1 3 7 . 1  . . .  
1737 .a  
1737 .7  
1 1 3 8 . 2  
1731.  I 
1737 .5  . ~ ~ 
1738 .3  
1 7 3 7 . 7  
1731 .6  
1737 .4  
1737 .1  
1738 .1  
1137 .7  
1738 .4  
1737 .7  
1737 .6  
1137 .5  
1737 .5  
1737 .4  
1 7 3 6 . 3  
1 7 3 8 . 2  
1737 .7  
173M.O 
173+ .8  
1 7 3 4 . 8  
1737 .8  
1737 .4  
L I T  
I OEG I 
-.20 
. 9 4  
- 1 3  
- . 3 4  
-16 
- 0 9  
. 4 8  
-14 
. 3 3  
. 3 3  
.88 
. I 7  








- . 0 7  
.22 . I 4  
.I2 
. 2 7  
- .58 
-.32 
- 4 1  
- 6 8  
- .08 
. 3 5  
. 1 7  
-.21 
. 3 1  
-16 
-46 
- . 5 9  
-60 
.24 
- . 1 7  
- . 2 9  
. 5 8  
-46 
. I 4  






- . 4 7  





. 3 5  
-.66 
. 35  
-.46 
- . 8 8  
- . I 6  
- . 5 1  
-.35 




- . 5 9  
-.36 
-.40 
- . 4 0  
- . I 1  
- 2 8  
-.bo . J* 
-24 
- . e 9  
- . 9 0  
.02 
.22 
. ~ r  
LONG 
I O E G I  
12.11 
1 2 . 1 7  
1 2 . 2 0  
12 - 2 3  
12 .31  
12 .39  
12 -44 
1 2 - 4 9  
12.54 
11-61 
1 2 . 6 9  
1 2 . 7 7  
12.81 
1 2 - 9 0  
12 .92  
13 .01  
1 3 . 0 6  
13.10 
13.12 
1 3 . 1 7  
13 .20  
13.26 
1 3 . 3 3  
13 .36  
1 3 . 4 0  
1 3 . 4 6  
1 3 - 4 9  
1 3 . 5 7  
1 3 - 6 3  
1 3 . 7 3  
1 3 - 7 8  
1 3 . 8 4  
1 3 . 9 0  




1 4 . 1 3  
14.15 
14.24 
1 4 . 2 7  
1 4 - 3 0  
14 .32  
14.40 
14.44 
1 4 . 4 7  
14.48 




1 4 - 6 0  
1 4 . 7 3  
14 .74  
1 4 . 7 8  
1 4 . 8 4  
1 4 . 8 5  
1 4 . 9 0  
1 6 - 9 2  
1 4 . 9 5  
1 4 . 9 7  
L5.00 
1 5 . 0 3  
15.04 
15.05 
15 .08  
1 5 . 0 9  
15.10 
1 5 - 1 3  
1 5 . 1 7  
15.21 
1 5 . 2 2  
15 .25  
15.28 
1 5 . 3 0  
1 5 . 3 5  





14 .72  
R A D I U S  
I K M I  
1 7 3 6 . 4  
1 7 3 7 . 2  
1 7 3 7 . 2  
1736. I 
1 7 3 7 . 1  
1 7 3 7 . 3  
1 7 3 7 . 0  
1 7 3 7 . 3  
1737 .1  
1 7 3 7 . 0  
1 7 3 7 . 2  
1 7 3 7 . 0  
1 7 3 7 . 3  
1737.  L 
1 7 3 7 . 3  
1 7 3 7 . 1  
1 7 3 7 . 4  
1737 .1  
1737 .3  
1737.  I 
1 7 3 7 . 0  
1736 .8  .~ 
1737 .0  
1 7 3 6 . 9  
1736 .9  
1 7 3 7 . 0  
1 7 3 7 . 0  
1737 .5  
1136 .9  
1737 .4  
1 7 3 7 . 4  
1737 .4  
1 7 3 7 . 3  
1737 .0  
1 7 3 6 . 9  
1737 .0  
1736 .9  
1 7 3 7 . 3  
1736 .8  
1 7 3 7 - 4  
1 7 3 7 . 0  
1737 .0  
1 7 3 7 . 3  
1737.  I 
1 7 3 7 . 3  
1 7 3 7 . 2  
1 7 3 8 . 0  
1737 .4  
1737 .2  
1737 .7  
1 7 3 7 . 8  
1 7 3 7 . 7  
1 7 3 7 . 6  
1 7 3 7 . 5  
1 7 3 7 . 3  
1 7 3 7 . 7  . .  
1737 .5  
1737 .5  
1 7 3 8 . 2  
1738 .1  
1737 .6  
1 7 3 7 . 7  
1 7 3 7 . 5  
L137.5 
1 7 3 7 . 7  
1 7 3 7 . 6  
1 7 3 7 . 4  .~ 
1 7 3 7 . 3  
1 7 3 7 . 9  
1 7 3 7 . 8  
1 7 3 7 . 3  
1738 .0  
1737 .5  
1737.  6 
1 7 3 7 . 5  
1737 .7  
1738 .1  
1 7 3 7 . 6  
1737 .6  
1 7 3 4 . 8  
1737 .5  
1 7 3 7 . 5  
L A 1  
I O E G )  
-55 
- . 03  
-24 
- 8 9  
- 2 1  
. 3 9  
- 0 6  
- 9 1  







. 38  
-.40 
. 77  
-.Ob 
. 33  




- 1 7  
- 1 3  -. 15 
-- 0 7  
- .SO 
- .35 
-.55 -. I1 -. 66 -. 58 
- - 6 8  -. 34  -. 01 -. 68 
- 5 3  -. 7 0  -. 01 
-25 -. 15 
-22  
-.56 
. 0 7  
-.79 
-.57 
. 39  -. 39 
-00 







- 3 2  
-.55 
-.a 
- 3 4  
- 0 9  -. I8 
- 3 2  
- .38 
- . 09  
2 9  
-.so -. 61 -. 51 
-.24 
- . 43  
-.26 
-25 -- 15 




I O E G I  





















13 .20  
13.32 
13 .35  
13.37 
13.42 
13 .48  
13 .52  
13 .59  
13 .61  
13 .74  
13 .79  
13 .87  
13 .94  
13.98 
14.02 
14 .05  





14. 30  
14.34 








14 .71  
14 .73  
14 .73  





14 .94  
14.95 




















4 1  
RADIUS 





















































































L A 1  
IOEG) 
-.I5 
- 3 4  





























- 1 4  
-06 
- 3 9  









































































































































RADIUS L A 1  LONG 
I K M )  IUEGI l O E G l  












































































































- . 33  
-.I1 










































- . I >  
-.I2 






























-2 - 2  7 
-2.26 














- I  -77 
-1.74 
- I  -71 
-1.67 














- I  -06 
- 1  -03 

























- . I 3  
-.IO 




R A D I U S  




















































































L A 1  LONG 
I O E G I  I O E C )  
.29 -2.79 













- 8 6  -2.35 
.I7 -2.30 
-.07 -2.27 - I6  -2.27 
- 6 6  -2 .24  







-06 -1.92 -. 32 -1.91 -. 53 -1.87 
-.I5 -1.84 
-75 -1.83 
-.57 -1.80 -. 39 -1.75 
.03 -1.73 





-.47 - 1 . 4 6  








. 54  -1.03 
-20 -1.01 
-53 -.97 
-.08 - . 9 2  
-.57 - .90  
.34 -.a7 
.49 - . E O  
- .OB -.78 
* 17 -. 72 
-.22 -.69 . 01 -.66 
.14  -. 62 
.27 -.57 
-.a3 -.55 
-.on - . 5 2  
-.43 -.SI 
-.43 -.44 -. 27 -.40 -. 10 - - 3 6  -. 10 -.33 
-07 -.29 




.I7 -.14 -. 16 -.12 -. 15 -.09 
- . 3 4  - .08 . I5 -.03 
-.25 -. 02 
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R A O I L S  
IKUI 
1 7 3 7 . 3  
1 7 3 7 . 8  
1 7 3 6 . 8  
1 7 3 6 . 4  
1 7 3 8 . 7  
1 7 3 6 . 7  
1 7 3 6 . 6  
1 7 3 6 . 8  
1 7 3 6 . 8  
1 7 3 6 . 8  
1 7 3 6 . 6  
1 7 3 6 . 6  
1 7 3 6 . 6  
1 7 3 6 . 4  
1 7 3 6 . 5  
1 7 3 6 . 4  
1 7 3 6 . 4  
1 7 3 6 . 4  
1 7 3 6 . 3  
1 7 3 6 . 4  
1 7 3 6 . 3  
1 7 3 6 . 1  
1 7 3 6 . 3  
1 7 3 6 - 1  
1 7 5 6 . 2  
1 7 3 6 . 3  
1 7 3 5 . 7  
1736.G 
1736.  I 
1 7 3 5 . 8  
1 7 3 6 . 1  
1 7 3 6 . 0  
1736.  I 
1 7 3 6 . 0  
1 7 3 6 . 0  
1 7 3 5 . 9  
L736.C 
1 7 3 5 . 9  
1 7 3 6 . 0  
1736.  I 
1 7 3 6 . 0  
1 7 3 6 . 1  
1 7 3 6 . 1  
1 7 3 6 - 1  
1 7 3 6 . 3  
1 7 3 6 . 1  
1 7 3 6 . 1  
1 7 3 6 . 1  
1 7 3 6 . 1  
1 7 3 5 . 7  
1 7 3 6 .  I 
1 7 3 6 - 2  
1 7 3 6 . 2  
1 7 3 5 . 4  
1 7 3 5 . 8  
1 7 3 5 . 4  
1 7 3 6 . 1  
1 1 3 4 . 9  
1 7 3 5 . 5  
1 7 3 5 . 5  
1 7 3 6 . 8  
LOhG 
I OEGl 
- 2 3 . 7 0  
-23 .59  
-23 .50  
- 2 3 . 4 5  
-23.43 
-23 .38  
-23 .34  
-23 .30  
- 2 3 . 2 4  
-23 .20  
-23.1 7 
- 2 3 . 1 3  
-23 .09  
-23 .03  
-23 .00  
-22 .93  
-22.85 
- 2 2 . 8 5  
-22 .81  
- 2 2 . 7 9  
-22 .76  
-22 .71  
-22 .62  
- 2 2 . 5 6  
- 2 2 . 5 0  
-22 .45  
- 2 2 . 3 7  
-22 .29  
-22.2M 
- 2 1 . 2 6  
-22 .20  
-22 .16  
-22 .11  
-22.0M 
-22.00 
-21 .97  
-21 .94  
-2 l .8Y 
-21 .85  
- 2 1 . 8 0  
-21 .77  
-21 .70  
-21 .62  
-21 .58  
-21 .52  
-21 .47  
-21.42 
- 2 1 . 3 5  
-21 .33  
- 2 1 . 2 5  
-21 .21  
-21 .16  
-21 .11  
-21 .09  
-21.u1 
-20 .97  
-20 .95  
-20 .90  
-20 .83  
-20 .76  
-20 .76  
4 . 1 9  
4 . 2 7  
4.30 
4 . 3 4  
4 . 3 1  
4 .68  
4.7b 
4 . 7 9  
4.83 
5 . 1 4  
5 .17  
5 .19  
5 .20  
5 . 2 4  




5 .59  
5 - 6 3  
5.69 
5 .72  
4.n7 
R A O l U S  L A T  LONG 
IKMI 1 0 E b l  I O E G I  
K A O I U S  
I K C O  
L A T  
I DE GI 
LONG 
1 U E C . l  
L A T  
I O E G I  
LUNAR I l R B I l E R  PHOTOGRAPHlC SITE 1 P 7 
1737 .5  
1737 .5  
1738.3 
1 7 3 6 . 9  
1 7 3 8 . 0  
1 7 3 6 . 8  
1 7 3 7 . 0  
1 7 3 6 . 5  
1737 .0  
1 7 3 6 . 9  
1736 .4  
1 7 3 6 . 3  
1736 .6  
1735.7 
1736 .5  
1 7 3 4 . 9  
1736 .3  
1736 .5  
1 7 3 5 . 8  
1 7 3 6 . 3  
1736.2  
173b .3  
1736 .3  
1736 .2  
1736.2  
1736.1  
1736 .4  
1 7 3 6 . 2  
1736.1  
1736.2  
1 7 3 6 - 2  
1736 .7  
1736.1  
1735.1  
1735 .8  
1 7 3 6 . 0  
1736 .0  
1736 .2  
1736 .2  
1 7 3 6 . 1  
1736.2  
1735 .8  
1736.1  
1736 .0  
1735.Y 
1736 .0  
1736 .2  
1736.1  
1736 .8  
1736.1  
1736.1  
1 7 3 6 . 1  
1735 .9  
1736.2  
1 7 3 6 - 0  
1 7 3 6 . 3  
1 7 3 6 . 3  
1 7 3 4 . 8  
1734 .9  
1735 .5  
- 3 . 2 3  
-2 .99  
-2.y1 
-2 .01  
-2 .92  
-2 .45  
-3.70 
-2 .89  
-2 .04  
-3.71 
- 3 . 7 3  
-3 .03  
-3 .37  
-3 .05  
- 3 . m  
-3.79 
-3 .13  
- 3 . 8 3  
-3 .16  
-3.45 
-3 .14 
-3 .09  
-3.26 
-3 .20  
-3 .28  
- 3 . 5 2  
- 2 . 8 4  
-3 .26  
-2 .65  
-2.66 
-3 .58  
-2 .69  
- 3 . 3 2  
-2.66 
-2 .90  
- 3 . 6 0  
- 4 . 0 3  
-2 .98  
-3.66 
-2 .74  
-3 .69  
-2 .76  
-3 .44  
- 3 . 4 7  
-3 .45  
- 3 . 0 6  
-3 .42  
-3 .07  
-3 .09  
-4 .18 
-3.81 
-3 .54  
- 3 . 1 3  
-3 .50  
-3.16 
-3 .57  
-3 .59  
- 3 . 2 3  
-3 .25  
- 2 . n ~  
-23.66 
-23 .57  
- 2 3 . 4 8  
- 2 3 . 4 4  
- 2 3 . 4 3  
- 2 3 . 3 6  
- 2 3 . 3 3  
- 2 3 . 2 8  
- 2 3 . 2 3  
-23.20 
-23 .16  
- 2 3 . 1 1  
- 2 3 . 0 8  
-23 .01  
- 2 2 . 9 6  
-22  - 9 2  
- 2 2 . 8 8  
-22 .84  
- 2 2 . 8 0  
- 2 2 . 7 3  
-L2.69 
- 2 2 . 6 1  
- 2 2 . 5 6  
-22.50 
- 2 2 . 4 3  
- 2 2 . 3 6  
- 2 2 . 2 9  
- 2 2 . 2 8  
- 2 2 . 2 5  
- 2 2 . 1 8  
- 2 2 . 1 4  
- 2 2 . 1 0  
- 2 2 . 0 3  
- 2 2 . 0 0  
-2 1 . 9 5  
- 2 1 . 9 3  
-21.86 
- 2 1 . 8 5  
- 2 1 . 8 0  
-21 .71  
- 2 1 . 6 9  
- 2 1 . 6 1  
- 2 1 . 5 3  
- 2 1 . 5 2  
- 2 1 . 4 4  
- 2 1 . 4 2  
- 2 1 . 3 5  
- 2 1 . 3 1  
- 2 1 . 2 5  
- 2 1 . 1 8  
-21.14 
- 2 1 . 1 0  
- 2 1 . 0 5  
-21 .01  
- 2 0 . 9 7  
- 2 0 . 9 2  
-20 .d5  
- 2 O . d l  
-20.68 
-22 .78  
-3 .59  
-2.98 
-3 .65  
-3 .66  
-3 .27  
-3.92 > 
-3 .68  
- 3 . 0 3  
- 3 . 0 4  
-2 .96  
-3 .34  
-2 .71  
- 2 . 4 7  
-3 .77  
-2 .74  
-3 .16  
- 3 . 0 1  
- 3 . 3 8  
-2.  74 
-3 .08  
- 3 . 2 4  
-3 .81  
-2 .79  
-3 .47  
-2 .60  
- 3 . 9 3  
-3 .90  
- 3 . 3 2  
-2 .89  
- 3 . 2 4  
-2 .70  
- 3 . 3 8  
- 2 . 0 4  
-3 .29  
-2 .91  
-3 .39  
-3 .36  
-3 .30  
- 2 . 7 3  
-2.97 
-3 .36  
-3.41 
-3.05 
-2 .78  
-3.06 
- 3 . 4 9  
- 3 . 5 3  
-4 .17  
-3 .55  
-3.46 
- 3 . 1 2  
-2 .88  
- 3 . 8 1  
-4 .27  
-3 .60  
-4 .28  
-3 .17  
-3 .55  
- 2 . 9 0  
-2 .90  
- 2 . 4 8  
1 7 3 6 . 9  
1 7 3 7 . 3  
1737 .9  
1 7 3 6 . 2  
1 7 3 7 - 9  
1737. I 
1 7 3 7 . 2  
-3.61 













-23 .51  
-23 .46  
-23 .44  
-23.41 
-23 .35  
-23 .30  
-23 .25  
-23 .22  
-23.18 
-23 .15  
-23 .09  
-23 .04  
1 7 3 6 . 5  
1 7 3 6 . 6  
1736 .9  
1 7 3 6 . 9  
1 7 3 6 . 6  
1 7 3 6 . 6  
1 7 3 6 . 6  
1 7 3 6 . 4  
1 7 3 6 . 6  
1 7 3 6 . 5  
1736 .4  




-2 .74  
~ ..
-23 .01  
-22 .93  
-22 .90  
-22 .85  
-3.21 






-3 .88  
-2.81 
-2.62 
-3 .53  
-3.17 
-22 .84  
-22 .79  
-22 .76  
-22 .71  
-22.66 
-22 .61  
-22 .56  
-22 .49  
-22 .42  
-22 .36  
-22 .28  
- 2 2 . 2 7  
- 2 2 . 2 4  
-22 .18  
-22. L3 
- 2 2 . 0 9  
-22 .02  
-22.00 
-21 .94  




-21 .70  
-21.69 
-21 .58  
-21 .53  
-21.50 
-21.42 
-21 .38  
-2 1 . 3 4  
-21 .26  
-21 .22  
-21.18 
-21. I 1  
-21 .09  
- 2 1 . 0 4  
-20 .99  
-20 .94  
-20 .91  
-20.83 
-20 .80  
-20.m 
1 7 3 6 . 3  
1 7 3 6 . 4  
1736 .2  
1 7 3 6 . 4  
1736. I 
1736. I 
1 7 3 6 . 2  
1 7 3 6 . 2  
1736. L 
1736.1  
1 1 3 6 . 1  
1 7 3 6 . 2  
1736 .1  
1 7 3 5 . 7  




1 7 3 6 . 0  
1 7 3 6 . 0  





-3 .36  







-3 .44  
-3 .03  
-3 .70  
-3.39 
-3 .73  
-3.48 
1736. I 
1 7 3 6 . 4  
1736. I 
1 7 3 6 . 1  
1 7 3 6 . 0  
1736.  I 
1 7 3 6 . 3  
1 7 3 6 . 2  
1736. L 
1736. I 
1 7 3 6 . 0  










- 2 . 9 0  
-2 .92  
-3 .18  
-3.68 




1 7 3 5 . 8  
1 7 3 6 . 0  
1 7 3 6 . 0  . .  
1735 .7  
1 7 3 6 . 1  
1 7 3 5 . 1  
LUNAR JKL3l TEU P H J T U G K A P H l C  
1736 .4  6 .63  
1 7 3 6 . 7  7 . 1 5  
1735 .7  d . 1 9  
1 7 3 5 . 7  8 . 6 4  
1735 .5  8 . 5 1  
1737. L 6.62 
1 7 3 6 . 4  b . 9 4  
1 7 3 5 . 9  8-05 
1 7 3 5 . 9  8 . 3 5  
1737 .0  6 -60 
1736.6  6-88 
1 7 3 6 . 4  7 . 3 3  
1735.8  7 .97  
1736.7  1 .52  
1736.1 8 . 4 1  
1 7 3 6 . 0  6 . 9 4  
1 7 3 6 . 3  1 .07  
1736 .6  7 . 3 5  
1736 .7  7 . 1 8  
1736 .2  d.18 
1736 .3  M.5Y 
1737.2  6.62 
1 7 3 6 . 0  8 . 7 6  
S I l t  V 23.1  
4 . 2 3  
4.27 
4 . 3 1  
4 . 3 5  
4 . 3 8  
4 . 7 3  
4 . 1 8  
4 . 8 0  
4 . 8 5  
5.12 
5 . 1 4  
5 . 1 8  
5 . 1 9  
5 . 2 2  
5 . 2 5  
5 . 3 0  
5 . 3 5  
5 . 5 3  
5 . 5 6  
5 . 5 9  
5 . 6 4  
5 . 7 0  
5 . 7 5  
1 7 3 6 . 4  
1 7 3 5 . 9  
1 7 3 6 . 0  
1 7 3 5 . 8  
1 7 3 5 . 4  
1 7 3 6 . 8  
1736 .2  
1 7 3 6 . 1  
1 7 3 5 . 9  
1 7 3 5 . 7  
1 7 3 6 . 9  
1 7 3 6 - 6  
1 7 3 6 . 0  
1 7 3 6 . 4  
1 7 3 6 . 2  
1736 .3  
1730 .1  
1 7 3 6 . 5  
1 7 3 6 . 3  
1736 .2  
1736 .2  
1 7 3 5 . 9  
1 7 3 6 . 3  
6 .87  
7.88 
7.50 
8 . 0 9  
8 . 9 5  
6 . 4 9  
7 . 5 4  
1 - 3 0  
8.60 
6 . 5 4  
6 . d 9  
8 - 3 1  
7 .29  
8.18 
7.71  
8 - 8 0  
7.22  






1 7 3 5 . 9  
1 7 3 6 . 0  




4 . 2 6  
4.28 
4 . 3 1  
4 . 3 6  
4 .67  
4 . 7 3  
4 . 7 8  
4 .82  
4.86 
5 .12  
5 . 1 5  
5 .18  
5 .19  
1735 .6  
1 7 3 5 . 8  
1736. I 
8 .38  
7 .01  
7 .50  
1 7 3 6 . 2  
1 7 3 6 . 0  
1 7 3 5 . 5  
1 7 3 6 . 6  
1 7 3 6 . 5  
1736 .7  
1 7 3 6 . 2  
1736 .5  
1 7 3 6 . 2  
1 7 3 6 . 0  
1 1 3 5 . 8  
1736 .7  
1736 .4  
7.34 
7 .96  
8.95 
7.07 




8 .08  
8.5V 
6 . 7 5  
6-95 
6.65  





5 . 2 3  
5 . 2 5  
5 . 3 0  
5 .51  
5 . 5 5  
5 .57  . . ~ .  
1736 .5  
1 7 3 6 . 3  
1 7 3 6 . 3  
1734 .6  
. . 
5.62  
5 . 6 5  


























































































L A T  


































8 .33  
1.89 
2.27 























2 - 4 0  
2 - 9 2  
3.32 












































































































R A V I U S  L A T  LONG 







































d . 4 1  
8.50 















































1736.9 6.115 7.17 . .. 
1737.1 7.46 7.21 
1737.0 7.71 7.24 
1736.8 8.dI 7.30 









































































2 - 1 9  
3 .30  
3 - 1 6  
1 - 4 1  


















1 7 - 5 9  
17.64 















































R A D I U S  


















































































1 7 3 4 .  7 
1 7 3 4 .  I 
L A T  LUNG 










8. I8 6 - 0 7  
M. 82 6. LO 
6.62 6.13 
7.13 6.15 ~ ~ ~~ 
7.75 6.18 
7.63 6.25 








6.83 6 - 7 4  





































3.13  18.72 














-7 -08  -18.03 
-6.98 -18.01 





R A D I U S  
I K U I  
1 7 3 5 . 0  
1 7 3 4 . 3  
1 7 3 4 . 4  
1 1 3 4 . 5  
1 7 3 4 . 1  
1 7 3 4 . 3  
1 7 3 5 . 3  
1 7 3 5 . 3  
1 7 3 4 . 3  
1 1 3 3 . 9  
1 1 3 4 . 2  
1 7 3 4 . 9  
1 7 5 4 . 4  
1 7 3 4 . 3  
1 7 3 4 . 4  
1734.4 
1 7 3 4 . 1  
1134.4 
1 7 3 4 . 6  
1 7 3 4 . 2  
1 7 3 4 . 2  
1 7 3 5 . 6  
1 7 3 4 . 1  
1 7 3 4 . 3  
1 7 3 4 . 4  
1 7 3 5 . 2  
1 7 3 4 . 5  
1 7 3 4 . 3  
1 7 3 4 . 9  
1 7 3 4 . 5  
1 7 3 5 . 3  
1 7 3 4 . 6  
1 7 3 4 . 3  
1 7 3 4 . 4  
1 7 3 4 . 6  
1 7 3 4 . 5  
1 7 3 4 - 5  
1 7 3 4 . 5  
1734.  3 
1 7 3 4 . 6  
1 7 3 4 . 4  
1 7 3 4 . 8  
1 7 3 4 . 5  
1 7 3 5 . 4  
1 7 3 5 . 2  
1134.5 
1 7 3 4 . 8  
1 7 3 5 . 3  
1734.6  
1 1 3 4 . 7  
1 7 3 5 . 1  
1 7 3 4 . 9  
1 7 3 4 . 4  
1 7 3 5 . 2  
1 7 3 4 . 6  
1 7 3 5 . 2  
1 7 3 5 . 4  
1 7 3 4 . 7  
1 7 3 5 . 6  
1 7 3 4 . 8  
1734.  E 
1 7 3 4 . 8  
1 7 3 5 . 5  
1935.2 
1 7 3 5 . 6  
1 7 3 5 . 5  
1 7 3 5 . 7  
1 7 3 5 . 8  
1 7 3 5 . 8  
1 7 3 5 . 9  
1 7 3 5 . 5  
1 7 3 5 . 7  
1 7 3 6 . 2  
1 7 3 6 . 0  
1 7 3 6 . 1  
1 7 3 5 . 9  
1 7 3 6 . 0  
1 7 3 6 . 1  
1 1 3 5 . 5  
1 1 3 6 . 2  
1 1 3 5 . 5  
1 7 3 5 . 9  
1 7 3 6 . 2  
1 7 3 5 . 9  
1 7 3 6 . 2  
1 1 3 6 . 2  
1 7 3 6 . 3  
LAT 
I DEG I 
-7 .45  
- 7 . 6 3  
-6 .87  
-6 .57  
-5 .92  
-6 .30  
-7 .35  
-7 .33  
-6.40 
-6. I I 
-7.67 
-8 .13  
-1.74 
-6 .79  
- 7 . 1 9  
-6 .19  
-7 .77  
-8.21 
-8.12 
- 7 . 9 9  
-6 .53  
- 7 . 5 3  
-7 .79  
- 7 . 1 4  
-6 .98  
-8.34 
-6.08 
- 6 . 3 3  
- 7 . 9 4  
- 6 . 4 8  




-6 .28  
-6.57 
-6.14 
-7 .76  
-6.16 
- 6 . 4 3  
- 6 . 3 3  
-8.36 
-7 .67  
- 1 . 1 3  
-7.04 
-6.76 
- 6 . 0 2  
-8.42 
-7.83 
- 7 . 8 9  
- 7 . 7 5  
-6.80 
- 6 . 7 1  
- 6 . 2 9  
-8.40 
-7 .77  
-7.  I 6  
-1.58 
-7 .19  
- 6 . 6 2  
-6.62 
-6.80 
- 5 0  
.62 
- 6 1  
-86 
.98  
- 3 8  
- 8 9  
. 8 9  
.54 
. 7 2  
1 .OD 
1 . 1 3  
. 9 3  
1.54 
1.61 
. 3 4  










I O E G l  
-11 .82  
-17.77 




-17 .59  
-17 .58  
-17 .51  
-11 .45  
-17 .31  
-17 .29  
-11.24 







-16 .82  
-16.81 
-16.80 
- 1 6 . 7 3  
-16.73 
-1b.68  
-16 .67  
-16.64 
-16 .63  
-16.60 
-16 .58  




-16 .41  
-16 .36  






-15 .97  
-15.95 
-15 .89  
-15 .80  
-15 .74  
-15 .72  
-15 .69  
-15.69 
-15.65 
-15 .62  
-15 .52  
- 1 5 . 4 5  
- 1 3 . 4 2  
-15.40 
-15 .39  
-15 .37  
- 1 5 . 3 7  
- 1 6 . ~ 1  
-15 .4n 
- 2 . 4 1  
-2 .26  
-2.OY 
-2.04 
-1 .98  
- 1 . 9 4  






-1 .76  
- 1 . 7 3  
- 1 . 7 0  
- 1 . 6 8  
-1 .61 
-1.64 
-1 .63  
- 1 . 6 0  
-1 .57  
- 1 . 5 0  




LUNAR OKBIlEK PH0)TdGHAPHLC S l l t  I l l  P7&8 
R A D I U S  
I K U  1 
1734.2  
1 7 3 5 . 3  
1734-  3 
1 7 3 4 . 2  
1 7 3 4 . 8  
1 7 3 4 . 1  
1734.6  
1 1 3 4 . 3  
1 7 3 4 . 3  
1 7 3 4 . 2  
1 7 3 4 . 1  
1 7 3 5 . 2  
1734.4  
1 7 3 5 . 3  
1 7 3 4 . 3  
1734.  3 
1734.3  
1 7 3 4 . 3  
1734.2  
1 7 3 5 . 3  
1 7 3 5 . 9  
1 7 3 3 . 9  
1 7 3 4 - 2  
1 7 3 5 . 8  
1 7 3 4 . 5  
1 7 3 4 . 3  
1 7 3 4 . 4  
1 7 3 4 . 5  
1734. 4 
1 7 3 6 . 1  
1 7 5 4 . 5  
1735.7  
1 7 3 4 . 4  
1 7 3 4 . 6  
1 7 3 4 . 5  
1 7 3 5 . 1  
1 7 3 4 . 4  
1 7 3 4 . 9  
1 7 3 4 . 3  
1 7 3 4 . 3  
1734.  5 
1 7 3 4 . 5  
1 7 3 4 . 4  
1 7 3 4 . 8  
1734.7  
1 7 3 4 . 5  
1 7 3 4 . 5  
1 7 3 4 . 6  
1 7 3 4 . 8  
1 7 3 4 . 7  




1 7 3 5 - 2  
1 7 3 5 . 0  
1 7 3 4 . 6  
1734.  7 
1 7 3 4 . 8  
1 7 3 5 . 9  
1 7 3 5 . 1  
LAT 
IbEI i l  
-8 .JC  
-1.28 
-6.11 
-1 .95  
-7 .80  






- 7 . 3 4  
-6.93 
- 7 . 3 4  
- 6 . 5 4  
- 8 . J 2  
-7 .59  
- 7 . 6 1  
-7 .04  
- 6 . 7 0  
- 7 . 4 5  
-6 .15  
-0.44 
-7 .46  
- 7 . 9 2  
-7 .17  
- 7 . 3 3  
- 7 - 3 0  
- 6 . 7 4  
-7.61 
- 5 . 9 9  





-1 .86  
-7 .22  
-6 .96  
-6. b2 
-5 .97  
- 7 . 5 8  
-8.04 
-7 .30  
-7 .46  
-6 .36  
-6.48 
-8.00 
-7 -8  I 
-7.49 
- 7 . 0 1  
-7 .16  
- b . b l  
- 6 . 1 3  
-n.30 
-0.10 
-7 .41  
-7.47 
-7 .63  





- 1 7 . 7 6  
- 1 1 . 7 0  
- 1 7 . 6 0  
- 1 7 . 6 4  
-17.62 
-17 .59  
- 1 7 . 5 5  
- 1 7 . 5 0  
-17 .45  
- 1 7 . 3 0  
- 1 7 . 2 1  
- 1 ? . 2 3  
- 1 7 . 2 1  
- 1 7 . 1 1  
- 1 7 . 0 7  
- 1 6 . 9 8  
-16 .93  





- 1 6 . 7 5  
- 1 6 . 7 3  
-16.69 
-16.68 
- 1 b . 6 7  
-16.64 
- 1 6 . 6 1  
-16.bO 
- 1 6 . 5 8  
-16.52 





- 1 b . 3 2  
-16.26 
-16 .21  
-16.03 
-1o.00 
- 1 5 . 9 8  
- 1 5 . 9 6  
- 1 5 . 9 4  
- 1 5 . 8 8  
-15.75 
- 1 5 . 7 4  
- 1 5 . 7 2  
-15.69 
- 1 5 . 6 8  
-15.64 
- 1 5 . 6 1  





- 1 5 . 3 9  
- 1 5 . 3 1  
1 7 3 5 . 6  
1 7 3 5 . 6  
1735.8  
1735.7  
1 7 3 5 . 5  
1 7 3 5 . 9  
1 7 3 5 . 7  
L l J 5 . 1  
1 7 3 6 . 3  
1 7 3 6 . 0  
1 7 3 6 . 4  
1 7 3 6 . 0  
1736.0  
1 7 3 6 . 2  
1 7 3 6 . 2  
1 7 3 5 . 9  
1 7 3 6 . 1  
1 7 3 6 . 2  
1 7 3 6 . 5  
1 7 3 6 . 4  
1 7 3 6 . 1  
1 7 3 6 . 2  
1736.  I 
1 7 3 6 . 2  
1 7 3 6 . 3  
- 6 5  
.4* 
.8U 
. 5 7  
. 9 2  
. 8 9  
.55 
-14  
. 9 5  
-36 




-32 . b 9  
. 7 9  
.62 
. J I  
. 1 3  
. d 3  
. 7 v  
-48 
- 6 2  
. 7 3  
-2.40 
- i . i 8  
- 2 . 0 5  
- 2 . 0 1  
-1.95 
- 1 . 9 4  
- 1 . 8 9  
-1.86 
- 1 . 8 5  
-1.83 
- 1 . 7 7  
- 1 . 7 5  
- 1 . 7 2  
- 1 . 7 0  
- 1 . 6 7  
-1  .b7  
- 1 . 6 3  
- 1 . 6 2  
- 1 . 5 8  
- 1 . 5 7  
- 1 . 5 5  
- 1 . 5 2  
- 1 . 5 0  
- 1 . 4 9  
-1.80 
R A D I U S  
I K U l  
1134.  I 
1 7 3 4 . 4  
1 7 3 4 . 5  
1 7 3 4 . 1  
1 7 3 4 . 1  
1 7 3 4 . 9  
1 7 3 4 . 6  
1734.2 
1 7 3 4 . 2  
1 7 3 4 . 6  
1 7 3 4 . 2  
1734. 4 
1 7 3 4 . 2  
1734.5 
1 7 3 4 . 2  
1 7 3 4 . 5  
1 7 3 4 . 1  
1734.  I 
1134.  0 
1 7 3 4 . 4  
1 7 3 4 . 2  
1134.2 
1 7 3 4 . 9  
1 7 3 4 . 4  
1 7 3 4 . 2  
1 7 3 4 . 4  
1 7 3 6 . 0  
1 7 3 4 . 6  
1 7 3 4 . 7  
1 7 3 4 . 4  
1 7 3 4 . 5  
1 7 3 4 . 4  
1 7 3 4 . 5  
1 1 3 4 . 3  
1734-5  
1 7 3 5 . 6  
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